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NOTE

This material is presented to provide the customer the status of the requirements and
analyses of commercial operations (RACO) and should be treated as preliminary
information. Refinement of the material will continue throughout the duration of the study.
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INTRODUCTION

The information in this requirements and analyses of commercial operations (RACO)
study data release reflects the current status of key study activities ongoing, under
Modification No. 21 to NASA/MSFC Contract NAS8-36122. This release has been
directed by the COR in support of the commercially developed space facility activity.

This document contains information that has been collected and developed to assess
the utility of intermediate commercial carriers to pave the way to Space Station in satisfying
the flight requirements of the commercial program. The following sections are included:

1. Experiment Descriptions. This section contains descriptions of the 65 identified
experimental facilities utilized in the study.

2. Experimental Facility Data. This section contains hard-copy reports of the
R:BASE™ electronic data base being used in the study, synopses of the
experimental facilities, and summary data on the facilities.

3. System Reguirements. This section provides a discussion of video and data
compression techniques as well as mission timeline analyses.
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1. EXPERIMENT DESCRIPTIONS

This section contains descriptions of the experiment facility/payloads used in this
study. The payloads were selected based on the following criteria.
1. They are material processing in space (MPS) type experiments.

2. They are existing, being developed (under construction), or being defined (Phase
A or B definition).

3. They are commercial, academic, NASA, or other Spacelab/Shuttle payloads.

From this, 65 payloads were selected. These payloads are the representative set of
experiments from which the commercial carriers have been analyzed. This analysis
determines the interface, system level, and logistic requirements for various commercial
endeavors.



general Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 1
Facility/Hardware Name:ACOUSTIC CONTAINERLESS EXPERIMENT SYS.  Abbr:ACES NASA Code:EN NASA Center:JPL
Development Status:D Sponsor :NASA SPONDORED. PI’s

A = Under Study

Being Fabricated
Existing Hardware

= o
"o

Purpose:FLIGHT FACILITY THAT WILL MELT AND ACOUSTICALLY OSCILLATE A SINGLE SAMPLE OF GLASS, CERAMIC, OR METAL. FACILITY USES A
RESISTANCE HEATED INCONEL CHAMBER FURNACE.

Abstract:THE FURNACE IS AN INSULATED RESISTANCE HEATED INCONEL CHAMBER OF 6.3 BY 6.3 BY 7.0 ce INTERNAL DIMENSIONS. THE ENERGY
OF THREE AXOUSTIC DIRIVERS ENTERS THE CHAMBER THROUGH THREE ORTHOGONAL PORTS AND FORMS RESONANT STANDING WAVES WITHIN
THE CHAMBER TO RESTRAIN SAMPLE EXCURSIONS FROM THE EFFECTS OF EXTERNAL PERTURBATIONS. RESONANT FREQUENCY IS TRACKED
THROUGH THE CHAMBER TEMPERATURE CHANGES AND ADJUSTED TO MAINTAIN RESONANCE AND SAMPLE LOCATION CONTROL. ROTATION AND
OSCILLATION OF THE .SAMPLE CAN BE PROGRAMMED INTO THE EXPERIMENT.THE EXPERIMENT IS MONITORED 8Y THERMAL SENSORS AND &
VIDEO RECORDING SYSTEM DURING THE 120 MINUTE DURATION WHICH PROVIDES ABOUT 15 MINUTES AT THE PRESENT LIMITATIONS OF 620
c.

Summary of Capabilities:

Thereal Data:

Temperatures (deg C) from  900.000(Max) to 20.0000(Min) with a Maxisum Temperature Delta of  $80.000(deg C)
Maxisue Cooling Rate (watts):-0-

Translation rates (if applicable in am/hr)-froa-0- (Max) to -0- (Min)

Saaple Data:
Types of Materials to be Processed:6LASS, CERAMIC, METAL
Maxisum Number of Sample Processed: 1

Maximum Sample Dimensions (cm) :-0- Height x-u- Width X-0- Length (note: if height = width then is Dia.

Pressure Data:
Operational Pressures (Ate) from -0- (Max) to -0- {Hin)

ORIGINAL PAGE IS
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General Inforsation of RACO Study

Date:03/01/98 Experisental Facilities Page:1- 2
Facility/Hardware Name:Acoustic Levitation Furnace Abbr :ALF NASA Code:na NASA Center:na ‘
Development Status:D Sponsor :Japanese Space Agency

A = Under Study

B = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:The ALF holds a spherical sample at the elliptical mirror focus by acoustic levitation. The purpose of the ALF is to
explore the feasibility of preparing superior glass materials.

Abstract:The space environment is unique in providing microgravity and capability of containerless processing. The ALF provides
the control equipment and levitator which has the capability to hold a spherical sasple at the elliptical mirror focus by
acoustic levitation. The levitation process is fully automated. Levitation control is performed in three transition
states; levitation mode, heating levitation and cooling mode. The purpose of the experisent is to explore the feasibility
of preparing glasses exhibiting superior transmittance in non-visible, particularly infrared region. The containerless
selting elisinates extraneous contamination by crucible wall materials. Glasses of the Ca0-6a203-6e02 systea are selected
by examining the melting tesperature, devitrification, infrared transeission. The product is a bead about 7am in dia.

Summary of Capabilities:

Thermal Data:

Temperatures (deg C) from  1400.00(Max) to  25.0000(Min) with a Maxisus Tesperature Delta of-0- {deg C)

Maxisus Cooling Rate (watts):-0-

Translation rates (if applicable in sa/hr) froe-0- (Max) to -0- (Min)
Sagple Data:

Types of Materials to be Processed:Calcius, 6allius, and Germanium Oxides ‘
Maxisum Musber of Sample Processed: 1

Maxisus Sample Dimensions (cm) : 0.10000 Height X 0.10000 Width X 0.10000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) fros  0.88800(Max) to .1000E-5(Min)




General Inforsation of RACO Study

Date:03/01/88 Experisental Facilities Page:1- 3
Facility/Hardware Name:Ad. Automated Directional Solidification Abbr:AADSF NASA Code:IC/EN NASA Center:MSFC
Developaent Status:C Sponsor :NASA Sponsored PI's Code E and I

A = Under Study

8 = In Definition

= Being Fabricated
= Existing Hardware

Purpose:Modular, multizone Bridgman furnace to grow single crystals of compound or alloy-type semiconductors by directional
solidification of the composites.

Abstract:The AADSF, a sophisticated direction solidification furnace with a controlled grdient region between its hot zone and
cold zone, will be used as a primary facility for processing a wide varity of comsercial materials including electronic
and magnetic saterials, setals, and alloy. The AADSF is a reconfigurable, sodular furnace that can be customized for
particular experiments; it is the forerunner of a set of furnaces being developed for the Space Station. Investigators
can use the AADSF to examine gravitational limitations on melt growth of alloys and effects of density/gradient-driven
convection on crystal homogenity and defect density. A better understanding of these phenosena is necessary to ieprove
processing on Earth and to develop more cosplex space processing facilities for the Space Station.

Susmary of Capabilities:

Thereal Data:

Temperatures (deg C} frow 1600.00(Max) to  200.000(Min) with a Maximum Temperature Delta of  900.000{deg C)
Maxiaus Cooling Rate (watts): 800.000

Translation rates (if applicable in ma/hr) fros 50.0000(Max) to 0.50000(Min)

- Sample Data: .
Types of Materials to be Processed:6aAs,HaCdTe,Silicon,or other semiconduct
Haxisus Nusber of Sasple Processed: 4
Maxisus Sasple Dimensions (cm) : 2.00000 Height X 2.00000 Width X 25.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from 1.10000(Max) to .1300E-6(Min)

ORIGINAL PAGE N
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General Information of RACO Study

Date:03/01/83 Experieental Facilities Page:1- 4
Facility/Hardware Name:AUTOMATED DIRECTIONAL SOLIDIFICATION Abbr : ADSF NASA Code:EN NASA Center :MSFC
Development Status:D Sponsor :NASA

A = Under Study

B = In Definition

€ - Being Fabricated
D - Existing Hardware

Purpose:TO INVESTIGATE CONVECTION AND CONVECTION/DIFFUSION TRANSPORT BY PROVIDING DIRECTIONAL SOLIDIFICATION OF EUTECTIC, OFF
EUTECTIC, AND PERITECTIC COMPOSITES.

Abstract:FOUR SEPARATE FURNACE HEATING UNITS ARE PRESENT, CONSISTING OF AN INDIVIDUAL HEATER MODULE AND COPPER QUENCH BLOCK. EACH
HEATING UNIT IS TRANSLATED ALONG THE AXIS OF THE SMAPLE DURING THE MELT PROCESS. COOLING IS ACCOMPLISHED AS THE WATER
COOLED COPPER QUENCH BLOCK IS TRANSLATED ALONG THE SAMPLE AXIS. THE DRIVE SYSTEM IS VARIABLE SPEED WITH MICROPROCESSOR
CONTROL OF THE TRANSLATION SPEED AND ANY REQUIRED RATE CHANGE. ATMOSHPHERIC AND ENVIRONMENTAL CONTROL ARE MAINTAINED BY
THE SEALED FURNACE ENCLOSURE.THE PROCESS ALLOWS INVESTIGATION INTO THE ANISOTROPIC PROPERTIES OF METALS AND THE UNUSUAL
ELECTRICAL, HAGNETIC, AND OPTICAL PROPERTIES OF UNIQUE DIRECTIONALLY SOLIDIFIED MOLECULAR STRUCTURES.

Summary of Capabilities:

Thersal Data:

Tesperatures (deg C) from  1600.00(Max) to -0- (Min) with a Maximsus Tesperature Delta of-0- (deg C)
Maxisus Cooling Rate (watts): 15.0000

Translation rates {(if applicable in ma/hr) froa 500.000(Max) to 0.10000(Min)

Sample Data:

Types of Materials to be Processed:METAL COMPOSITES

Maxieus Nusber of Sample Processed: 4

Maxiaus Sample Dimensions (ca) : 0.50000 Height X 0.50000 Width X 13.0000 Length (note: if height = width then is Dia.)

Pressure Data: :
Operational Pressures (Ata) froe -0- (Max) to -0- (Hin)




General Information of RACO Study

Date:03/01/85 Experimental Facilities , Page:i- 5
Facility/Hardware Name:BUBBLE BEHAVIOR UNIT Abbr :BBU NASA Code:na NASA Center:na
Developaent Status:D Sponsor : JAPANESE SPACE AGENCY

A = Under Study

= In Definition

= Being Fabricated
= Existing Hardware

A — I I =

Purpose:THE BBYU IS USED TO OBSERVE THE BUBBLE MOTION IN LIQUID UNDER A TEMPERATURE GRADIENT AND STATIONARY ACOUSTIC WAVE.

bttt ettt ottt =ttt =ttt P R PSSP DD R

Abstract:A GROUND BASED TEST UNIT HAS BEEN DEVELOPED. THE BBU IS AT PRESENT IN THE DESIGN PHASE AND IS EXPECTED TO FLY ON SPACE
LAB -7 IN 1988. The Bubble Behavior in microgravity is an investigation concerning the movesent and interaction of air
bubbles and fluid drops in silicon oil under a temperature gradient. Also the generation of vibration of air bubbles in
silicon oil under acoustic waves will be observed. BBU contains a cell mounting connector, a cell fixture device,
optical and lighting systea for TV casera, bubble injectors, and sound insulation box.

Suasary of Capabilities:

Thermal Data:

Temperatures {deg €} from 100.000(Max) to  22.0000(Min) with a Maximum Temperature Delta of-0- {deg C)
Maxisus Cooling Rate (watts): 310.000

Translation rates (if applicable in as/hr) from 1.00000(Max) to -0- {Nin)

Sample Data:

Types of Materials to be Processed:SILICON OIL;AIR
Maxisus Nusber of Sasple Processed: 4
Maxisum Sample Dimensions (cm) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- {Max) to  1.00000(Min)




General Information of RACO Study

Date:03/01/98 Experimental Facilities Page:1- &
Facility/Hardware Nase:CHEMICAL VAPORT TRANSPORT Abbr :CVT NASA Code- .2 NASA Center :MSFC ‘
Development Status:C Sponsor :B0EING

= Under Study
B = In Definition
C = Being Fabricated
D - Existing Hardware

Purpose:CONSISTS OF THREE FURNACES WHICH WIL ALLOW INVESTIGATORS TO PHOTOGRAPE ."IHING CRYSTAL

Abstract:EACH SELF-CONTAINED FURNACE WILL BE ENCASED IN STAINLESS STEEL AND HAVE A VIEWPORT WwHERE A MICROSCOPE/CAMERA CAN BE
INSTALLED FOR OBSERVATIONS. WHILE THE FURNACE CORES REACH OPERATION TEMPERATURES P T0 900 DEGREES C, AN INVESTIGATOR
WILL BE ABLE TO WATCH THE CRYSTAL NUCLEATION AND GROWTH OF SIX SAMPLES SEALED IN FUSED SILCIA AMPOULES. THE OPERATOR ALSO
WILL BE ABLE TO REMOTELY POSITION THE AMPOULES IN THE INTERIOR THERMAL FIELD OF THE FURNACES TO OPTIMIZE CRYSTAL GROWTH. ~

A PROTOTYPE OF THIS APPARATUS IS BEING TESTED.

Summary of Capabilities:

Thereal Data:

Teaperatures (deg C) from 1100.00(Max) to  600.000(Min) with a Maxisus Tesperature Delta of-0- (deg C)
Maxisus Cooling Rate (watts):-0-

Translation rates {if applicable in ma/hr) from-0- (Max) to -0- (Min;

. Sasple Data:
Types of Materials to be Processed:-0-
Maxisug Nusber of Sample Processed: 2
Kaxiaus Sample Dimensions (cs) : 2.00000 Height X 2.00000 Width X 8.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- (Max) to -0- (Hin)




general Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 7
. Facility/Hardware Name:CONTINUOUS FLOW ELECTROPHORESIS SYSTEM  Abbr:CFES NASA Code:IC NASA Center :MSFC
Developaent Status:D Sponsor :NASA

A = Under Study

In Definition

= Being Fabricated
= Existing Hardware

Purpose:T0 PERMIT EXPLORATORY SEPARATION OF BIOLOGICAL MATERIALS WITHOUT THE INFLUENCES OF THERMAL CONVECTION CELLS IN  THE
SEPARATION COLUMN.

o
"

Abstract:THE CELL HANDLING FACILITIES ALLOW THE SEPARATION OF LIVING CELLS AS WELL AS MACROMOLECULES. A LARGE CROSS SECTION
CHAMBER PERMITS A HIGH CONTINUOUS RATE OF FLOW, CONSEQUENTLY INCREASING THE POTENTIAL PROCESS VOLUME OF THE SAMPLE
MATERIAL. SAMPLE TEMPERATURE CAN BE MAINTAINED FOR SEVERAL HOURS, PERMITTING THE RECOVERY OF LIVING CELLS. THE SAMPLE
IS INJECTED INTO THE ELECTROPHORESIS CHAMBER AND CARRIED INTO AN ELECTRIC FIELD BY THE BUFFER. UNDER THE INFLUENCE OF THE
FIELD, IN MICROGRAVITY, THE VARIOUS SUBFRACTIONS OF THE SAMPLE ARE DEFLECTED ACCORDING TO THEIR RESPECTIVE MOBILITIES AND
ENTER A CHANNEL COLLECTOR AT THE END OF THE CHAMBER. IDEALLY EACH FRACTION SEGREGATES INTO A DIFFERENT CHANNEL WHERE IT
IS THEN MOVED THROUGH TUBING BY A PERISTALTIC PUMP TO COLLECTION BAGS IN A THERMALLY CONTROLLED CHAMBER.

Summary of Capabilities:

Thersal Data:

Tesperatures (deg C) fros  25.0000(Max) to  10.0000(Min) with a Maximus Temperature Delta of-0- (deg C)
Maximue Cooling Rate {watts): 680.000
Translation rates {if applicable in ma/hr) from-0- (Max) to -0- (Min)
Saaple Data: .
. Types of Materials to be Processed:LIVING CELLS AND MACROMOLECULES
Maxisus Nueber of Sasple Processed: 1

Maxisua Sample Djlensions {ca) : 20.0000.Height X 10.0000 Width X 10.0000 Length (note: if height = width then is Dia.)

Pressure Data:
perational Pressures {Atm) fron 1.00000(Max) to  1.00000{Min)




General Inforaation of RACO Study

Date:03/01/48 Experimental Facilities Page:1- 2
Facility/Hardware Name:CONTINUOUS HEATING FURNANCE Abbr : CHF NASA Code:na NASA Center:na
Developeent Status:A Sponsor : JAPANESE SPACE AGENCY

: Under Study

Being Fabricated
Existing Hardware

Purpose:USED TO PERFORM HIGH TEMPERATURE HEAT TREATMENT OF SOLIDS. DESIGNED AS A VACU-UM FURNANCE TO PROCESS SAMPLES
CONTINUOUSLY. HEATING AND COOLING IS CONDUCTED IN PARALLEL.

Abstract:THE CHF CONSISTS OF THO VACUUM-HEATING CHAMBERS AND THWO He-GAS COOLING CHAMBERS TO SIMULTANEOUSLY PROCESS FOUR SAMPLE
CARTRIDGES UNDER PROGRAMMED TEMPERATURE PROFILES. THO SAMPLES ARE THUS HEATED WHILE THE OTHER TWO ARE COOLED. CHF
SUPPORTS THE FOLLOWING EXPERIMENTS: CASTING OF SUPERCONDUCTING FILAMENTARY COMPOSITE MATERIALS, DIFFUSION IN LIQUID
STATE AND SOLIDIFICATION OF BINARY SYSTEM, FABRICATION OF VERY-LOW-DENSITY, HIGH-STIFFNESS CARBON FIBER/AL HYBRIDIZED
COMPOSITES, FABRICATION OF Si-As-Te: Ni TERNARY AMORPHOUS SEMICONDUCTOR IN THE MICROGRAVITY ENVIRONMENT IN SPACE, AND
SOLIDIFICATION OF EUTECTIC SYUSTEM ALLOYS IN SPACE.

Susmary of Capabilities:

Thersal Data:

Temperatures (deg C) froa  1300.00(Max) to  700.000(Min) with a Maxisue Temperature Delta of  5.00000(deg C)
Maxisue Cooling Rate (watts):-0- '

Translation rates (if applicable in sa/hr) from-0-  (Max) to -0-  (Min)

Sample Data:

Types of Materials to be Processed:Al-Pb-Bi, Au-Al, Au-Ag, Si-As-Te, Al-Cu

Maxisus Nusber of Sasple Processed: 4

Maxisue Saeple Dimensions {ce) : 1.30000 Height X 1.30000 Width X 5.40000 Length (note: if height - width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froa -0- (Max} to -0- {Min)




General Inforaation of RACO Study

Date:03/01/8% Experimental Facilities Page:1- 9
Facility/Hardware Name:CRITICAL FLUID LIGHT SCATTERING EXP. Abbr :CFLSE NASA Code:EN NASA Center:JPL
Development Status:C Sponsor :NASA

A = tnder Study

In Definition

Being Fabricated

Existing Hardware

Purpase:HEASURE THE DECAY RATES OF CRITICAL DENSITY FLUCTUATIONS IN A SIMPLE FLUID (XENON) VERY NEAR ITS LIQUID-VAPOR CRITICAL
POINT.

“"wouw o

Abstract:LASER LIGHT SCATTERING AND PHOTON CORRELATION SPECTROSCOPY WILL BE USED. SUCH EXPERIMENTS HAVE BEEN SEVERELY LIMITED ON
EARTH BY THE PRESENCE OF GRAVITY, WHICH CAUSES LARGE DENSITY GRADIENTS IN THE SAMPLE WHEN THE COMPRESSIBILITY DIVERGES AS
THE SAMPLE APPROACHES THE CRITICAL POINT. IF THIS TECHNIQUE CAN BE USED IN MICROGRAVITY, VALUABLE DATA ON THE
FUNDAMENTAL PHYSICS OF OTHER FLUIDS CAN BE COLLECTED.

Susgary of Capabilities:

Thergal Data:

Temperatures (deg C) froa 16.0000(Max) to  0.00000(Min) with a Maximum Temperature Delta of-0- (deg €)
Maxiaue Cooling Rate {watts):-0-

Translation rates (if applicable in mm/hr) fros-0- (Max) to -0~ (Min)
Sample Data: ’

Types of Materials to be Processed:XENON
Maxisus Nusber of Sample Processed:-0-
Maxieum Sasple Dimensions (cm) :-0- Height X-0- Width X-0- Length {note: if height - width then is Dia.)

Pressure Data:
dperational Pressures (Ata) froa  5.00000(Max) to  0.00000(Min)




General Inforsation of RACO Study

Date:03/01/83 Experigental Facilities Page:1- 10
Facility/Hardware Name:DIFFUSIVE MIXING 0F ORGANIC SOLUTIONS Abbr - DMOS NASA Code:IC NASA Center:MSFC
Development Status:D Sponsor:NASA & 3M

A = Under Study

8 -
C - Being Fabricated
D = Existing Hardware

Purpose:TO PROVIDE A FLIGHT APPARATUS FOR STUDIES OF DIFFUSION-LIMITED CRYSTAL GROWTH AND MOLECULAR CRYSTAL STRUCTURES.

Abstract:THE DM0S-2 CONFIGURATION CONSISTS OF SIX CHEMICAL REACTORS HOUSED IN AN EAC. EACH REACTOR, OR CELL, CONTAINS 3 SEPARATE
CHAMBERS WHICH HOLD ORGANIC LIGUIDS T¢ BE MIXED. VALVES BETWEEM THE CELL CHAMBERS ARE OPENED TO ALLOW THE LIQUIDS TO MIX.
IN THO OF THE SIX DMOS CELLS, FLUID MIXING PHENOMEMA WILL BE STUDIED. EXPERIMENTS IN ONE CELL WILL INVESTIGATE THE MIXING
OF THO LIQUIDS OF SMALL DENSITY VARIATION. THE OTHER FOUR CELLS WILL BE USED TO EXAMINE MOLECULAR CRYSTAL STRUCTURE. THE
PURPOSE OF EXPERIMENTS IN TWO OF THESE CELLS IS TO EXAMINE HOW MOLECULES WITHIN A CRYSTAL ARE ORDERED DURING THE GROWTH
PROCESS. THE REMAINING TWO CELLS WILL INVESTIGATE HOW CRYSTALS PACK TOGETHER, AND CRYSTALS GROWN IN CENTRAL CHAMBERS OF
THESE CELLS WILL BE ANALYZED FOR THEIR ELECTRO-OPTICAL PROPERTIES.

Summary of Capabilities:

Thermal Data:

Tesperatures (deg C) fros  500.000(Max) to  20.0000(Min) with a Maxisum Temperature Delta of  0.00000(deg C)
Maximus Cooling Rate (watts): 0.00000

Translation rates (if applicable in em/hr) fros 0.00000(Max) to 0.00000({Nin)

Sasple Data:

Types of Materials to be Processed:ORGANICS

Maximus Number of Sample Processed: 6 _ '

Maximus Sample Dimensions {cm) :-0- Height X-0- Nidth X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures {Ata) from  5.00000(Max) to 1.00000(Min)




General Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 1l
Facility/Hardware Name:DIRECTIONAL SOLIDIFICATION FURNACE Abbr : DSF NASA Code:IC NASA Center:LeRC
Development Status:B ' Sponsor :NASA (GRUMMAN)

4 = Under Study

B = In Definition

- Being Fabricated
D = Existing Hardware

Purpose:TO DETERMINE THE FEASIBILITY OF GROWING ULTRA-HIGH QUALITY GALLIUM ARSENDIE CRYSTALS IN SPACE, LEADING TO THE PRODUCTION
OF GALLIUM ARSENIDE IN SPACE.

Abstract:THE FURNACE WILL BE THE BRIDGMAN TYPE, WHEREIN THE FURNACE CONTAINING A PRECISE TEMPERATURE GRADIENT MOVES OVER A
STATIONARY QUARTZ AMPOULE CONTAINING GALLIUM ARSENIDE, MELTING IT AT 1340 C AND SOLIDIFYING IT INTG A SINGLE CRYSTAL ROD
OR INGOT. THE ROD OR INGOT IS LATER SLICED INTO WAFERS WHICH ARE USED AS THE BASE MATERIAL FOR IMPLANTING SEMICONDUCTOR
DEVICES IN MICRONAVE RADAR, SUPER COMPUTERS,RADIATION HARD SIGNAL PROCESSORS, AND ELECTRO-OPTICAL COUPLERS. THO
PROTOTYPES FURNACES HAVE BEEN FABRICATED AND ARE BEING TESTED.

Summary of Capabilities:

Thersal Data:

Temperatures (deg C) from  1240.00(Max) to -0- (Min) with a Maximus Temperature Delta of-0- {deg C)
Maxieue Cooling Rate (watts):-0-
Translation rates (if applicable in ma/hr) froa-g- (Max) to -0- {Min)

Sasple Data:

Types of Materials to be Processed:GALLIUM ARSENDIDE, CADMIUM TELLURIDE

Maxisue Nusber of Sample Processed:-0-

Maxisum Sample Dimensions (ce) : 3.00000 Height X 3.00000 Width X 60.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- (Max) to -0- (Min)




General Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 12
Facility/Hardware Name:DROP DYNAMICS MODULE Abbr :DDH NASA Code:EN NASA Center:JPL
Development Status:D Sponsor :NASA

A = Under Study
! B = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:T0 TEST THEORETICAL PREDICTIONS OF DROP BEHAVIOR IN AN ENVIRONMENT IN WHICH SURFACE TENSION IS THE DOMINANT FORCE.

Abstract:THE DDM USES SOUND WAVES IN A RESONANCE CHAMBER TO POSITION AND MANIPULATE LIQUID DROPS AT ROOM TEMPERATURE IN A
MICROSRAVITY ENVIRONNENT. THE ACOUSTIC FORCES POSITION THE SAMPLE IN THE CENTER OF THE CHAMBER SO THAT IT WILL STAY IN
ONE LOCATION, ALLOWING CLOSE-UP PHOTOSRAPHY. SOUND IS ALSO USED TO MANIPULATE THE SAMPLE BY APPLYING A FORCE MODULATED
: AT A LOW FREQUENCY, ENERGY CAN BE TRANSFERRED INTO THE DROP. THE ACOUSTIC FIELD CAN ALSO PRODUCE A TORQUE UPON THE DROP.
! THE OPERATOR VARIES THE ACOUSTIC SIGNALS TO PERFORM THE DESIRED EXPERIMENT WHILE OBSERVING THE RESPONSE OF THE LIQUID
SAMPLE. THE EXPERIMENT MAY ALSO BE RECORDED ON VIDEOTAPE FOR DOWNLINKING TO THE GROUND SUPPORT TEAM FOR NEAR-REAL TIME
ANALYSIS OR ON 1bam FILM FOR POSTFLIGHT ANALYSIS.

Summary of Capabilities:

Thereal Data:

Temperatures (deg C) from  20.0000(Max) to  20.0000(Min) with a Haxisum Temperature Delta of  0.00000(deg C)
Maxisue Cooling Rate (watts): 0.00000

Translation rates (if applicable in me/hr) fros 0.00000(Max) to 0.00000(Min)

Sample Data:

Types of Materials to be Processed:WATER-GULCERINE MIXTURE, SILICONE OIL
Maxisue Nusber of Sample Processed: 1 .
Haximue Saeple Dimensions (cm) :-0- Height X-0- Width X-0- Length {note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froa -0- (Max) to -0-- {Min)




General Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 13
‘ Facility/Hardware Name:DROPLET COMBUSTION EXPERIMENT Abbr :DCE NASA Code:EN NASA Center:LeRC
Developeent Status:C Sponsor :NASA

4 - Under Study

8 = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:A BETTER UNDERSTANDING OF THE SUBTLE PROCESSES OCURRING DURING COMBUSTION WILL LEAD TO IMPROVEMENTS IN THE COMBUSTION
SYSTEMS OF CARS, POWER PLANTS, AND OTHER MECHANISMS.

Abstract:THE DCE WILL BE USED FOR COMBUSIION EXPERIMENTS WITH DROPLETS AND SMALL SAMPLES OF OTHER MATERIALS SUCH AS PAPER AND
PLASTICS. DROPLETS WILL BE SUSPENDED AND IGNITED IN THE DCE CHAMBER. PRESSURE AND TEMPERATURE SENSORS WILL MONITOR THE
ENVIRONMENT, AND A FILM SYSTEM WIL{ RECORD TWO VIEWS OF THE BURNING DROPLET.

Summary of Capabilities:

Thersal Data:

Temperatures (deg C) from  20.0000(Max) to 20.0000(Min) with a Maximue Tesperature Delta of  0.00000(deg C)
Maximua Cocling Rate (watts): 250.000

Translation rates {if applicable in ma/hr) fros 0.00000(Max) to 0.00000(Min)

Sample Data:
‘ Types of Materials to be Processed:LIQUID FUELS
Maxisum Nusber of Sample Processed: 100
“Maxisua Sasple Dimensions {ce) : 0.10000 Height X 0.10000 Width X 0.10000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ats) fros  10.0000(Max) to 1.00000(Min)
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Date:03/01/88 Experigental Facilities Page:1- 14
Facility/Hardware Nage:DROPLET TECHNOLOGY DEMONSTRATION Abbr :DTD NASA Code:EN NASA Center:LeRC
Development Status:D Sponsor :NASA

A = Under Study

B = In Definition

C - Being Fabricated
D - Existing Hardware

Pyurpose:COMBUSTION OF SINGLE MILLIMETER SIZED DROPLETS IN A SEALED CONTAINER FILLED WITH AIR OR PRESELECTED OXYGEN ENRICHED
ATHOSPHERE.

Abstract:The Droplet Technology Desonstration (DTD) facility burns liquid fuels in low acceleration environsent to determine the
offects of diffusion on the combustion process. This experiment will suspend a liquid fuel droplet, ignight it and record
{on file) the flame pattern. Fros this data correlation bettween experimental results and experimenters calculations.

Suamary of Capabilities:

Theraal Data:

Tesperatures (deg C) fros  20.0000(Max) to  20.0000(Min) with a Maxisum Tesperature Delta of  0.00000(deg C)
Maxisue Cooling Rate (watts): 250.000

Translation rates (if applicable in am/hr) fros 0.00000(Max) to 0.00000(Min)

Sagple Data:

Tvpes of Materials to be Processed:Liquid fuels

Maxisus Number of Saeple Processed: 25

Maxisue Sasple Dimensions (cm) : 0.10000 Height X 0.10000 Width X 0.10000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from  10.0000(Max) to  1.00000{Min)




General Inforsation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 15
Facility/Hardware Name:Electrodeposition Abbr :EDEP NASA Code:Code C NASA Center :MSFC
Developeent Status:D Sponsor:University of Alabasa in Huntsville-CCDS

A = Under Study

= In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:The apparatus will consist of 80 to 100 electrodeposition cells. The purpose is to study electrodeposition of metal ions,
codep. of setal cermets, and electrodep. of crystaline mat

Abstract:The goal of electrodeposition is to establish a space based production process to develop cosmercially valuable product
of superior quality to those produced by ground based processes. Electrodeposition in low gravity can be used to develop
and produce comsercially valuable products such as setal catalysts and bearing surfaces. Improved catalysts can increase
the output of catalytic processes and improved bearing surfaces can lengthen the life mechanical equipsent. The heart of
the electrodeposition aparatus will consist of 80 to 100 electrodeposition cells. The majority of the cells would be
dedicated to electrodeposition of positive metal ions from liquid solution. Several cells would be utilized for
codeposition of dense hard neutral particles (cermets) with metal saterials of nickel and cobalt.

Sumsary of Capabilities:

Thermal Data:

Temperatures {(deg C) fros  25.0000(Max) to -0- (Min) with a Maximum Temperature Delta of-0- (deg C)
Maxisue Cooling Rate (watts):-0-
Translation rates (if applicable in ms/hr) from-0- (Max) to -0- {Min)

Saeple Data:

Types of Materials to be Processed:Metal ions and metal cermets in solution

Maxisus Nusber of Sample Processed: 100

Maximue Saeple Dimensions (ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Atms) from -0- {Max) to -0- (Min)
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Facility/Hardware Name:Electro: vitaxial Crystal Growth Abbr :£CE NASA Code:IC NASA Center:MSFC
Development Status:A Sponsor :HRA

= Under Siudy

In Definition
Being Fabr:cated
Existing Hardware

Purpose:To grow . .5 and other ¢ actronic and electo-optical crystal in the furnace. The furnace will use the liquid phase
electroepiiaxy crystal ¢ owth sethod.

[l
[N YR

bstract:The ECG is being built by Microgravity research Associates, Inc. under a Joint Endeavor Agreement (JEA) with NASA. The
furncae will be used to grow Gallius Arsenide and other electronic and electro-optical crystals in the furnace. The
furnace will use the ligquid phase electrospitaxy crystal growth method which grows crystals at lower tesperatures than
melt growth sethods. This technique has been used in the laboratory to yeild bulk gallius arsenide crystals of higher
quality than crystals grown with other techniques. The furncace also will be capable of producing other coapounds of

commercial and military importance.

Suamary of Capabilities:

Thergal Data:
Teaperatures (deg
Maximum Couling fat
Translation rate

) from  1000.00(Max) to  22.0000(Min} with a Maxisue Tesperature Delta of-0- (deg C)

te (watts):-0-

{if applicable in smfhr) from-0- {Hax) to -0- {Min)
Sasple Data:

Types of Materials io be Processed:6aAs

Maximus Nusber of Saaple Processed: 6

Maxisua Sasple Disensions (cm) : 10.1600 Height X 10.1600 Width X 17.7800 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Press:res (Ata) from  2.00000(Max) to  1.00000{Min)

ORIGINAL PAGE IS
OE POOR QUALITY
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Date:03/01/88 Experimental facilities ) Page:1- 17
Facility/Hardware Name:ELECTROMAGNETIC LEVITATOR Abbr:EML NASA éode:EN NASA Center:MSFC
Developaent Status:D Sponsor : NASA

= Under Study
8 = In Definition
 : Being Fabricated
D = Existing Hardware

............................................................................

AND THERMOPHYSICAL MEASUREMENTS

Abstract:THE EML ALLOMS A CONDUCTIVE SAMPLE TO 8E POSITIONED IN THE LEVITATION COIL AND MELTED BY INDUCTIVE HEATING IN A VACUUM OR
CONTROLLED GASEOUS ENVIRONMENT. FOLLOWING THE MELT PHASE, POMER MAY BE REDUCED AT A RAPID RATE, ALLOWING RADIATIVE
COOLING AND SOLIDIFICATION OF THE SPECIMEN. ADDITIONAL COOLING IS POSSIBLE THROUGH THE USE OF A QUENCH GAS. PYROMETRIC
OBSERVATION OF THE SPECIMEN SURFACE, WITHOUT INTERFERENCE FORM A CONTAINER MALL, CAN ALSO BE ACCOMPLISHED. THE SAMPLE IS
SUSPENDED IN THE ELECTROMAGNETIC FIELD OF A CUSP COIL AND IS HEATED AND MELTED BY INDUCTION FROM THE COIL’S
ELECTROMAGNETIC FIELD. AN ACTIVE SERVO POSITIONING SYSTEM MAINTAINS THE ELECTRICALLY CONDUCTIVE SPECIMEN IN THE CENTER OF
THE COIL SYSTEM AGAINST ACCELERATION DURING FLIGHT AND DAMPS OSCILLATIONS OF THE SPECIMEN.

Susmary of Capabilities:

Thersal Data:

Temperatures (deg C} from  1300.00(Max) to -0- {Min) with a Maxieum Teaperature Delta of-0- (deg C)
Maxisus Cooling Rate (watts):-6-

Translation rates (if applicable in ss/hr) from 0.00000{Max) to 0.00000(Hin)

Sasple Data:

Types of Materials to be Processed:-0~

Maxisue Nusber of Sample Processed: |

Maxisus Sasple Dimensions (cm) :-0- Height X-0- width x-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) fros -0- (Max) to -0- (Min)

ORIGINAL PAGE IS
OE POOR QUALITY
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Date:03/01/85 Experisental Facilities Page:1- 18
Facility/Hardware Name:ELECTROPHORESIS OPERATIONS IN SPACE Abbr :£0S NASA Code:IC NASA Center :MSFC ’
Development Status:D Sponsor :NASA

A = Under Study

= In Definition
C - Being Fabricated
D = Existing Hardware

Purpose:TO PROVIDE AN APPARATUS FOR SPACE-BASED RESEARCH IN THE ELECTROPHORETIC SEPARATION OF BIOLOGICAL MATERIALS

Abstract:SCIENTIFIC ADVANCES IN THE AREA OF PHARMACEUTICAL MATERIALS PROCESSING IN SPACE MAY PERMIT NEW TREATMENTS FOR A NUMBER OF
DISEASES. IN CONTINUOUS FLOW ELECTROPHORESIS, BIOLOGICAL MATERIALS ARE SEPARATED WHEN SUBJECTED T0 AN ELECTRICAL FIELD.
HOWEVER, EARTH'S GRAVITY LIMITS THE QUANTITY AND PURITY OF THE PRODUCT. CURRENTLY, EOS CAN SEPARATE MORE THAN 700 TIMES
THE AMOUNT OF MATERIAL AT A 4-TIMES GREATER PURITY THAN CAN SIMILAR OPERATIONS ON EARTH. AN ORGANIC SAMPLE, OR SOURCE
MATERIAL, IS INTRODUCED IKTO A LONG, NARROW CHAMBER IN WHICH AN ELECTRICAL FIELD SEPARATES THE DIFFERENT BIOLCGICAL
MATERIALS ACCORDING TO THEIR MOBILITIES. EACH SEPARATED FRACTION IS THEN COLLECTED AND RETURNED TO EARTH.

Summary of Capabilities:

Thergal Data:

Temperatures (deg C) from 25.0000(Max) to 10.0000{Min} with a Maximus Temperature Delta of-0- (deg C)

Maximum Cooling Rate (watts): 3500.00

Translation rates (if applicable in mm/hr) fros-0- (Hax) to -0- {Min)

Sample Data:

Tvpes of Materials toc be Processed:Biosaterials, cells protiens .
Maxisue Number of Sample Processed: 1

Maxisum Sample Dimensions (cm) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
fiperational Pressures (Ata) from  1.00000(Max) to  1.00000(Hin)




General Information of RACO Study

Date:03/01/38 Experimental Facilities Page:1- 1?
| . ,
: ' Facility/Hardware Name:FLOAT ZONE CRYSTAL GROWTH FACILITY Abbr :FICGF NASA Code: NASA Center:NSFC
Developeent Status:A Sponsor:

A = Under Study

z In Definition
Being Fabricated
Existing Hardware

Purpose:PRODUCE HIGH QUALITY, DISLOCATION-FREE CRYSTALS OF ELEMENTAL OR LIGHTLY DOPED MATERIALS SUCH AS SILICON 4. ITHER
CANDIDATE SEMICONBUCTORS.

[--]

[~-4
"o

Abstract:THE FACILITY SHALL HAVE THE FUTURE CAPABILITY TO SERVICE FLOAT 20NE CRYSTAL GRONTH, FLOAT ZONE PURIFICATION OF MATERIALS,

DIRECTIONAL SOLIDIFICATION, AND CRYSTALLIZATION PHENOMENA. THE INITIAL ON-ORBIT FACILITY WILL PROVIDE RESULTS THAT XaY 8E
| UTILIZED FOR THE PROCESSING OF RESEARCH AND COMMERCIAL SCALE SAMPLES(UP TO 10 ce IN DIAMETER). THE FACILITY WILL CONSIST
| OF A& MODULAR FURNACE, A SAMPLE ROTATION MECHANISM, SUPPORT ELECTRONICS, VIDEO CAPABILITY (DURING PROCESSING PHASE), 4D A
DATA COLLECTION SYSTEM.

Summary of Capabilities:

Theraal Data:
| Tesperatures (deg C) froe  2200.00(Max) to. 400.000(Min) with a Maxisum Temperature Delta of-0- (deg €)
Maxisus Ccoling Rate {watts):-0-
l Translation rates (if applicable in sa/hr) from 50.0000(Max) to -0- (Hin)
! Sasple Data: ‘
‘ Types of Materials to be Processed: INORGANIC SEMICONDUCTORS,HETALS,ALLOYS
' Maxisus Nusber of Sample Processed: 1
Maxisus Sample Dimensions {ce) : 0.00000 Height X 0.00000 Width X 41.0000 Length (note: if height = width then is fia.)

\ Pressure Data: .
perational Pressures (Ats) from -0- (Max) to -0- {Min)
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Facility/Hardware Name:FLUIDS EXPERIMENT APPARATUS Abbr :FEA NASA Code:IC NASA Center :MSFC
Developeent Status:D Sponsor :NASA

A = Under Study

8 = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:TO PROVIDE A CONVENIENT, LOW COST,MODULAR, MICROGRAVITY BIOLOGY/CHEMISTRY/PHYSICS EXPERIMENT SYSTEM TO INDUSTRIAL USERS TO
SUPPORT FUNDAMENTAL SPACE PROCESSSING RESEARCH.

Abstract:THE FEA IS DESIGNED TO CONDUCT BASIC AND APPLIED PROCESS OR PRODUCT DEVELOPMENT EXPERIMENTS IN GENERAL LIQUID
CHEMISTRY,CYRYSTAL GROWTH, FLUID MECHANICS, THERMODYNAMICS, AND THE CELL CULTURING OF BIOLOGICAL MATERIALS AND LIVING
ORGANISHS. THE CURRENT CONFIGURATION WILL ACCOMMODATE FLOAT ZONE CRYSTAL GROWTH AND CERTAIN FLUID HANDLING EXPERIMENTS.
FEA HAS THE CAPABILITY TO MANIPULATE GASEOUS, LIQUID ,0R SOLID SAMPLES, TO EXPOSE SAMPLES TO VACUUM CONDITIONS, AND TO
HEAT AND COOL SAMPLES. A NUMBER OF SPECIALIZED SUBSYSTEMS ARE PLANNED FOR THE FEA, INCLUDING LOW-TEMPERATURE AIR HEATERS,
LIVING NRGANISH INCUBATORS, HIGH-TEMPERATURE FURNACES, CUSTOM-DESIGNED HEATERS, SPECIAL SAMPLE CONTAINERS, AND A
SPECIMENT CENTRIFUGE.

Summary of Capabilities:

Thereal Data:

Temperatures (deg C) fros 100.000(Max) to  0.00000(Min) with a Maxisus Teaperature Delta of  10.0000(deg C)
Maximue Cooling Rate (watts): $0.0000

Translation rates (if applicable in as/hr) froa 0.00000{Max) to 0.00000(Min)

Sagple Data:

Types of Materials to be Processed:Various inert fluids.

Maximug Nusber of Saaple Processed: 3 .

Maximue Sample Dimensions (ca) : 1.00000 Height X 1.00000 Width X 3.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ate) froe  1.00000{Max) to O.UIODO(H@n)

ORIGINAL PAGE IS
OF POOR QUALITY,
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Date:03/01/88 Experimental Facilities Page:1- 21
Facility/Hardware Name:FLUIDS EXPERIMENT SYSTEM Abbr :FES NASA Code:EN NASA Center:MSFC
Development Status:D Sponsor :NASA

= Under Study
B = In Definition
= Being Fabricated
= Existing Harduare

Purpose:TO PROVIDE AN APPARATUS FOR INVESTIGATING THE EFFECTS OF MICROGRAVITY ON SEPARATION OR SOLIDIFICATION PROCESSES IN
TRANSPARENT FLUIDS.

Abstract:THE FES CAN ACCOMODATE A VARIETY OF EXPERIMENTAL CELLS FOR PERFORMING A BROAD RANGE OF FLUID EXPERIMENTS IN AREAS SUCH AS
FLUID CONVECTION, PHASE TRANSITION, SURFACE PHYSICS, AND BUBBLE BEHAVIOR. A TEST CELL CAN BE PLACED FIRST IN THE FES
PREHEAT ENCLOSURE FOR NONCRITICAL EXPERIMENT HEATING, THEN TRANSFERRED MECHANICALLY TO AN OPTICAL BENCH WHERE THE
MAJORITY OF EXPERIMENT OPERATIONS TAKE PLACE. THIS ALLOWS ONE SAMPLE TO BE PREHEATED WHILE ANOTHER IS BEING COMPLETED ON
THE OPTICAL BENCH. AS THE EXPERIMENT PROGRESSES, REAL-TIME FLOW HOLOGRAMS ARE MADE FOR POSTFLIGHT ANALYSIS, AND AN
ACCELEROMETER LOCATED ON THE OPTICAL BENCH CONTINUOUSLY MEASURES THE VIBRATION ENVIRONMENT. THE FES ALSO CONTAINS 4
WATER LOOP FOR RAPIDLY HEATING OR COOLING THE TEST CELL WHILE IT IS ON THE OPTICAL BENCH.

Sumeary of Capabilities:

Thersal Data:
Temperatures (deg C) from 120.000(Max) to  20.0000(Min) with a Maxisua Temperature Delta of-0- {deg )
Haxisus Cooling Rate {watts): 0.00000 -
Translation rates (if. applicable in ma/hr) fros 0.00000(Max) to 0.00000(Min)

Sample Data:

Types of Materials to be Processed:TRIGLYCINE SULFATE

Maximua Nueber of Sasmple Processed: 1 v

Haxisua Sample Dimensions {ce) : 3.00000 Height X 3.00000 Width X 4.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe 1.00000(Max) to  1.00000{Min)




general Inforsation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 22
Facility/Hardware Name:GAS-JET DIFFUSION FLAMES EXPERIMENT Abbr :GDFE NASA Code:EN NASA Center:LeRC
Development Status:B Sponsor : NASA
A = Under Study
8§ = In Definition
C = Being Fabricated
D : Existing Hardware

Purpose:STUDIES THE MECHANISHS COMMON TO BOTH UNWANTED FIRES AND CONTROLLED COMBUTION SYSTEMS.

Abstract:RESULTS FROM THESE EXPERINENTS MAY AID IN THE DESIGN OF FIRE PREVENTION TECHNIQUES AS WELL AS LEAD TO A BETTER
UNDERSTANDING OF LAMINAR GAS-JET DIFFUSION FLAMES. ON EARTH, THIS PROCESS IS DIFFICULT T( STUDY BECAUSE OF BUOYANCY
EFFECTS INDUCED BY GRAVITY. FOR 6DFE, A FLAME IS LIT 8Y A SPARK IGNITION IN THE CONTROLLED ENVIRONMENT OF AN EXPERIMENT
CHAMBER. THE EFFECTS OF DIFFERENT NOZZLE SIZES, GASEOUS FUEL TYPES, FUEL FLOW RATES, CHAMBER PRESSURES, AND OXYGEN
CONCENTRATIONS WILL BE EXAMINED.

Susmary of Capabilities:

Thersal Data:
Tesperatures {deg C) fros  50.0000(Kax) to  20.0000(Min) with a Maxisue Temperature Delta of 0.00000{deg C)
Maximue Cooling Rate (watts): $0.0000
Translation rates (if applicable in me/hr) froe 0.00000(Max) to 0.00000(Min)

Sample Data:
Types of Materials to be Processed:Gaseous fuels.
Maxisue Nusber of Sample Processed: 50
Haxisue Sample Dimensions (ca) : 10.0000 Height X 10.0000 Width X 10.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe  10.0000(Max) to  0.50000(Min)




General Inforeation of RACO Study

Date:03/01/85 Experimental Facilities Page:1- 23
Facility/Hardware Name:Gradient Furnace for Get-Away-Special Abbr :GFGAS NASA Code:EN NASA Center:LeRC
Development Status:8 Sponsor :6TE

A = Under Study

B = In Definition

€ = Being Fabricated
D = Existing Hardware

Purpose:The purpose of the GFGAS is to directionally selidify galliue arsenide crystals.

Abstract:This low cost furnace will be used to directionally solidify gallius arsenide crystals in a low gravity, quiescent
atmosphere. It has been impossible to produce high-quality unifore GaAs crystals on Earth. Experiments in this furnace
should help investigators determine how gravity-driven convection contributes to defects observed in these eaterials and
pay lead to improved growing techniques on Earth as well as in space.

Sumsary of Capabilities:

Thereal Data:

Tegperatures (deg C) fros  1200.00(Max) to  200.000(Min) with a Maximus Temperature Delta of  900.000(deg C)
" Maximus Cooling Rate (watts):-0-

Translation rates (if applicable in sa/hr) from 50.0000(Max) to 0.50000{Min)

Sagple Data:

Types of Materials to be Processed:Gallium Arsenide

Maxisum Nuaber of Sample Processed: 1

Maxisua Sasple Dimensions {cm) : 8.00000 Height X 1.50000 Width X 1.50000 tength {note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe 1.00000{(Max) to .l1000E-6{Hin)
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Date:03/01/88 Experisental Facilities Page:1- 24
Facility/Hardware Mame:GRADIENT GENERAL PURPOSE ROCKET FURNACE  Abbr:G-GPRF NASA Code:EN NASA Center:MSFC
Development Status:D Sponsor :NASA

A = Under Study

= In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:T0 PROVIDE THREE CAVITIES FOR MELTING AND RESOLIDIFYING EXPERIMENTAL SPECIMENS IN A MICROGRAVITY ENVIRONMENT WITH
NEAR-ISOTHERMAL OR GRADIEMT TEMPERATURE PROFILES.

Abstract:THE G-GPRF PROCESSES SAMPLES IN A VACUUM ENVIRONMENT THAT IS CREATED BY VENTING LOM-PRESSURE ARGON GAS TO THE SPACE
ENVIRONMENT DURING FLIGHT. EACH OF THE THREE G-GPRF INDEPENDENTLY CONTROLLED CAVITIES CONSISTS OF A THREE-ZONE FURNACE
THAT CAN OPERATE IN A GRADIENT MODE. THIS TEMPERATURE GRADIENT IS MAINTAINED BY PROGRAMMABLE CONTROL OF THREE HEATING
- ELEMENTS AND A HEAT EXCHANGER IN THE CAVITY. SAMPLES ARE COOLED AT SPECIFIED RATES EITHER BY A HELIUM GAS QUENCH THROUGH
A COMMON MANIFOLD OR BY A WATER-COOLED HEAT SINK ASSOCIATED WITH EACH CAVITY.

Sugmary of Capabilities:

Thersal Data:
Tesperatures (deg C) froe  100.000(Max) to  100.000(Min) with a Maxisu Temperature Delta of 100.000(deg ¢)
Maxisus Coolina Rate (watts):-0-
Translation rates (if applicable in ma/hr) froe-0- (Max) to -0- (Min)

Sample Data:

Tvpes of Materials to be Processed:-0-

Maxisug Nueber of Sasple Processed: 3 :

Maxigum Sample Dimensions {ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
fperaticnal Pressures {Ate) from -0- (Max) to -0- (Min)




General Inforsation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 25
Facility/Hardware Name:GRADIENT HEATING FURNANCE Abbr : GHF NASA Code:na NASA Center:na
Developeent Status:A Sponsor : JAPANESE SPACE AGENCY

= Under Study
8 = In Definition
= Being Fabricated
= Existing Hardware

Purpose:GHF ALLOWS ACCURATE TEMPERATURE CONTROL OF UNIDIRECTIONAL SOLIDIFICATION AND CRYSTAL GROWTH OF SEMICONDUCTORS, CERAMICS
AND ALLOYS. TS HELIUM GAS IS USED FRO RAPID COOLING.

Abstract:THE GHF IS A TRAVELING HEATER-TYPE, VACUUM-HEATING FURNACE WITH THREE MEATING ZONES OF HIGH, GRADIENT AND LOW
TEMPERATURES. 4 CARTRIDGE IS INSTALLED INTO THE GHF, THEN THE HEATING BLOCK MOVES ALONG ITS SAMPLE PORTION DURING THE
EXPERIMENT ACCORDING TO THE PROGRAMMED TEMEPRATURE PROFILE. AN ULTRASONIC HOMOGENIZER CAN BE ATTACHED TO THE CARTRIDGE.
THE GHF SUPPORTS THE FOLLOWING EXPERIMENTS: GROWTH EXPERIMENT OF NARROW BAND-GAP SEMICONDUCTOR OF PbSnTe SINGLE CRYSTALS
IN SPACE, STUDY ON SOLIDIFICATION OF IMMISCIBLE ALLOYS, CRYSTAL GROWTH OF COMPOUND SEMICONDUCTORS IN A LOW-GRAVITY
ENVIRONMENT.

Suspary of Capabilities:

Thersal Data:

Temperatures (deg C) froe  1200.00(Max) to  600.000(Min) with a Maxisus Temperature Delta of  5.00000(deg C)
Maxisue Cooling Rate (watts):-0-

Translation rates (if applicable in ms/hr) from 54.0000(Max) to 1.00000(Min)

Sasple Data:

Types of Materials to be Processed:PbSnTe, Al-In, AlPbBi, CuPb, GaAs

Maxisus Nusber of Sample Processed: 1 .

Maxisum Sample Dimensions (ce) : 2.40000 Height X 2.40000 Width X 11.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ate) fros 1.00000(Max) to .1300E-5(Min)
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~ Date:03/01/83 Experisental Facilities Page:1- 25
Facility/Hardware Name:HIGH TEMPERATURE ACOUSTIC LEVITATOR Abbr :HAL NASA Code:EN NASA Center:MSFC
Development Status:8 Sponsor :NASA

A = Under Study

In Definition

= Being Fabricated
D = Existing Hardware

o
H

Purpase:T0 INCREASE THROUGH CONTAINERLESS PROCESSING THE PURITY OF GLASSES, CERAMICS, OR OTHER MATERIALS REQUIRING VERY HIGH
PROCESSING TEMPERATURES.

Abstract:THE HAL IS A SECOND GENERATION APPARATUS THAT BUILDS ON EXPERIENCE WITH THE SINGLE AXIS ACOUSTIC LEVITATOR (SAAL), AN
INSTRUMENT THAT WAS USED TO ACOUSTICALLY LEVITATE, MELT (AT TEMPERATURES UP T 1500 C), AND RESOLIDIFY GLASS SAMPLES IN
SPACE FOR THE FIRST TIME. ON EARTH, IT IS IMPOSSIBLE TO ACOUSTICALLY LEVITATE AND MELT SAMPLES AT TEMPERATURES THIS HIGH.
LIKE THE SAAL, THE HAL WILL BE USED TO ACOUSTICALLY LEVITATE AND PROCESS METALS, ALLOYS, CERAMICS, AND GLASSES IN SPACE;
HOWEVER, THE HAL WILL ALLOW PROCESSING AT EVEN HIGHER TEMPERATURES (UP T0 2200 C), WILL ALLOW MORE PRECISE POSITIONING
AND ROTATION CONTROL, WILL BE OPERATED MANUALLY OR AUTOMATICALLY, WILL BE RECONFIGURED DURING FLIGHT, AND WILL
ACCOMMODATE MORE INVESTIGATIONS PER FLIGHT.

Summarv of Capabilities:

Thermal Data:

Temperatures (deg C) from  2200.00(Max) to -0- (Min) with a Maxisue Tesperature Delta of-0- (deg C)
Maximug Cooling Rate (watts):-0-

Translation rates (if applicable in sa/hr) froe-0- {Max) to -0- (Min)

Sasple Data:
Types of Materials to be Processed:ceramics, refractory alloys
axigua Nusber of Sasple Processed: 1
Maxisue Spaple Dimensions (ca) : ~1.00000 Height X 1.00000 Width X 1.00000 Length (note: if height = width then is Dia.)

Pressure Data:
fiperational Pressures (Ate) from -0- (Max) to -0- (Min)
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Date:03/01/33 Experimental facilities Page:1- 27
Facility/Hardware Name:Image Furnace Abbr : IMF NASA Code:na NASA Center:na
Developsent Status:D Sponsor : Japanese Space Agency
A& = Under Study
B - In Definition
€ - Being Fabricated
D = Existing Hardware

Purpose:The IMF creates a floating zone of sasple materials at the focus of two halogen lamp lights condensed by two elliptical
eirrors. The IMF can pull or twist the floating zone.

Abstract:The IMF consists of double mirrors, halogen lamps, a silica tube, and a driving mechanism. Seed crystal material is
loaded into the lower chamber and raw saterial into the upper chamber then both saterials are fused together using the
control panel. Four motor control systeas are installed for moving mirrors, upper shaft and lower shaft. A groung based
test unit has been developed. The IMF is at present in the preliminary design phase and is expected to fly on the
Spacelab-J aission. The unit is compatible with a standard rack configuration. Sose examples of the tvpes of crystals
that say be grown using this apparatus include Pb-Sn-Te, In-Sb, oxide glass, and samarskite. Contact: Yuichi Yamaura
(205/544-5436) .

Sugmary of Capabilities:

Theraal Data:

Temperatures (deg C) froa 2000.00(Max) to  25.0000(Min) with a Maximua Tesperature Delta of-0- (deg C)
Haxieug Cocling Rate (watts):-0-

Translation rates (if applicable in mm/hr) from 200.000(Max) to 2.00000(Nin)

Sample Data:

Types of Materials te be Processed:Pb-Sn-Te, In-Sb, oxide glass, samarskite

Maxisua Number of Sasple Processed: 1

Maxisue Sample Dimensions (cm) : 2.00000 Height X 2.00000 Width X 15.0000 Lenath (note: if height - width then is Dia.)

Pressure Data:
fperational Pressures (Ata) froem 1.00000(Max) to .!1000E-7(Min)




General Information of RACO Study

Date:03/01/83 Experimental Facilities Page:1~ 23
Facility/Hardware Name:INITIAL BLOOD STORAGE EXPERIMENT Abbr - IBSE NASA Code:EN NASA Center:JSC
Development Status:D Sponsor :NASA

= Under Study
B = In Definition
¢ = Being Fabricated
D = Existing Hardware
Purpose:TO INVESTIGATE FACTORS THAT LIMIT THE STORAGE OF HUMAN BLOOD IN SPACE. COMPARES BLOOD COMPONENTS STORED IN ORBIT WITH
BLOOD STORED ON EARTH.

Abstract:BECAUSE THE EFFECTS OF GRAVITY-RELATED FACTOR SUCH AS SEDIMENTATION AND BUOYANCYARE MINIMIZED IN MICROGRAVITY, THE IBSE

‘ CAN BE USED TO STUDY ALTERATIONS IN SIZE, SHAPE, METABOLISM, PHYSIOLOGY, AND IMMUNOLOGIC FUNCTION OF CELLS STORED IN

| ORBIT. THE IBSE MODULE, CONSISTING OF TWO DEWARS WITH STORAGE RACKS AND AN ELECTRONIC CONTROL BOX, IS PARTIALLY
DISASSEMBLED, AND BLOOD BAGS ARE PLACED ON THE STORAGE RACKS. THE RACKS ARE REINSERTED INTO THE DEWAR, AND THE DEWAR LIDS
ARE BOLTED INTO PLACE. THE MODULE IS THEN PLACED INSIDE A MIDDECK LOCKER, USING PYRELL FOAM TO ISOLATE MECHANICALY THE
IBSE HARDMARE FROM THE SIDES OF THE LOCKER. PONER(28vdc) APPLIED THROUGH AN ELECTRICAL CONNECTOR ON A FRONT PANEL OF
SPECIFIED TEMPERATURE LEVEL AND AIR EXCHANGE RATE IN EACH DEWAR. THE LOCKER CAN BE TRANSPORTED TO THE ORBITOR 12 HOURS
BEFORE LAUNCH

Sumeary of Capabilities:

Thermal Data:

Tesperatures (deg C) fros  22.0000(Max) to  5.00000(Min) with a Maxisue Tesperature pelta of  0.00000(deg C)
Haximuse Cooling Rate (watts): 125.000

Translation rates (if applicable in am/hr) from 0.00000(Max) to 0.00000{Min)

Sample Data:

Types of Materials to be Processed:BLOOD (WHOLE, LEUKOCYTES, PLATELETS)
| Maxisue Number of Sample Processed: 16

Maxisum Sasple Dimensions (ce) : 5.08000 Height X 0.64000 Width X 0.64000 Length (note: if height - width then is Dia.)

Pressure Data:
gperational Pressures (Ats) fros  1.00000(Max) to  1.00000(Hin)




General Inforsation of RACO Study

Date:03/01/58 Te=arisental Facilities Page:1- 29
. Facility/Hardware Name:Isoelectric Focusing Abbr - IEF NASA Code:EN NASA Center :MSFC
Development Status:D Sponsor :NASA Sponsored PI's

A = Under Study

B = In Definition

€ - Being Fabricated
D = Existing Hardware

Purpose:A device for seperation/purification of bic. -gical eateri:.s. This facility was developed to help detersine the best
design of a purification systea. .

Abstract:By Minisizing density-dependent convection in microgravity, the IEF persits nonturbulent flow of the biological saterials
to be separated. Te produce a pH gradient in the amphnlyte buffer and focus the particles to be separated, power of 70
Vdc is sisultaneously applied across (end to end) each of eight columns in the IEF apparatus.Movesent of colored sasples
to their isoelectric points (the points at which the pH of the sasple and the pH of the buffer are the same) is recorded
photographically. Focused sasple separations are harvested. The high level of purity of materials froe previous flights
has proven the effectiveness of the IEF apparatus. In its first use, the apparatus coluens had different combinations of
three kinds of partitions, two kinds of buffers and one kind of coating to einimize electroosaosis.

Sumsary of Capabilities:

Thergal Data:
Teaperatures (deg C) from 25.0000(Max) to 10.006C{Min) with a Maximus Tesperature Delta of  0.00000(deg C)

Maxisus Cooling Rate (watts): 30.0000

Translation rates (if applicable in mm/hr) from-0- (Max) to -0- (Min)
Sample Data:
. Types of Materials to be Processed:Biological materizls, ie cells,proteins
Maxisus Nusber of Sasple Processed: 8

Maximue Saeple Dimensions (cm) : 0.00640 Height X ©.00640 Width X 0.05080 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Atm) from 1.00000(Max) to 1.00000(Min)




teneral Information of RACO Study

% Date:03/01/88 Experimental Facilities Page:1- 30
| Facility/Hardware Name:Isothermal Dendritic Growth Experment Abbr : IDGE NASA Code:EN NASA Center:LeRC
Development Status:C Sponsor :NASA Sponsored PI's
A = Under Study

In Definition
Being Fabricated
Existing Hardware

= oo
"noee e

grown, photographed, and studied in this facility.

Abstract:The IDGE will enable investigators to study dendritic arowth, a tree-branched-shaped crystailization, in organic
paterials that model pure setals and metal alloy systess. In microgravity, fluid sotion should be reduced and heat
transfer should play a more dominate role in crystallization; therefore, investigators should be able to study the role
of heat transfer in greater detail. As samples are processed in an isothersal growth chasber, the dendrite crystals will
be photographed. Results from these experiments will contribute to advances in aetallurgical processing and to the
production of setals with enhanced properties.

Suamary of Capabilities:

Thersal Data:

Temperatures (dea C) froa -0- {Max) to -0- (Min) with a Maxisum Temperature Delta of-0- (deg C)
Maxiaue Cooling Rate (watts):-0-
Translation rates (if applicable in sa/hr) froe-0- (Max) to -0- {Min)

Sasple Data: :

Types of Materials to be Processed:Model organics with aetal/alloy charactr

Maxisus Nusber of Sasple Processed: 1

Maximus Sasple Dimensions {ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from -0- - (Max) to -0- (Min)




General Information of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 3!
Facility/Hardware Name:ISOTHERMAL GENERAL PURPOSE ROCKET FURN.  Abbr:I-GPRF NASA Code:EN NASA Center:MSFC
Developsent Status:D Sponsor :NASA

A = Under Study

Being Fabricated
Existing Hardware

Purpose:T0 PROVIDE THREE INDEPENDENT CAVITIES FOR MELTING AND RESOLIDIFYING SAMPLES IN A LOW-G ENVIRONMENT.

=
"o

Abstract:THE I-GPRF PROCESSES SAMPLES IN A VACUUM ENVIRONMENT THAT IS CREATED BY VENTING LOW PRESSURE ARGON GAS TO THE SPACE
ENVIRONMENT DURING FLIGHT. EACH INDEPENDENT CAVITY IN THE I-GPRF HAS A SINGLE HEATER ELEMENT AND IS CONFIGURED TO PROVIDE
CONTROLLED HEATUP AND COOLDOWN RATES AND KEAR ISOTHERMAL PROCESSING CONDITIONS FOR EACH SAMPLE. TO ACHIEVE A CONTROLLED
SAMPLE COOLDOWN, EACH CAVITY CAN SUPPLY A VARIABLE HELIUM GAS QUENCH THROUSH A MANIFOLD COMMON TO THE OTHER CAVITIES.

Sumsary of Capabilities:

Thermal Data:

Teeperatures (deg C) from  900.000(Max) to  100.000{Min) with. a Maximum Temperature Delta of-0- (deg C)
Maxisue Cooling Rate (watts):-0-
Translation rates (if applicable in se/hr) from-0~ (Max) to -0- (Min)

Sasple Data:

Types of Materials to be Processed:METALS AND ALLOYS

Maxisue Nusber of Sample Processed: 3

Maxisus Sample Dimensions (ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- (Max) to -0- (Min)




General Information of RACO Study

Date:03/01/68 Experimental Facilities Page:1- 32
Facility/Hardware Name:ISOTHERMAL HEATING FURNANCE Abby - THF NASA Code:na NASA Center:na
Development Status:D Sponsor :EUROPEAN SPACE AGENCY

4 - Under Study

In Definition
Being Fabricated
Existing Hardware

Purpose:HEATING CHAMBER IS ISOLATED MULTI-LAYER RESISTANCE FURNANCE WITH LON HEATING LAG.

Abstract:FURNANCE FACILITY TS DESIGNED TO FIT IN SPACELAB-MATERIAL SCIENCE DOUBLE RACK FACILITY. ON SPACELAB I, THE IHF HAD
TECHNICAL PROBLEMS. IT WAS REPAIRED AND REFLOMN ON SPACELAB D-1.CURRENT STATUS IS UNKNOWN.

Sugsarv of Capabilities:

Thersal Data:

Temperatures (deg C) fros  1600.00(Max) to  200.000(Min) with a Maxisue Tesperature Delta of  0.00000(deg C)
Maximue Cooling Rate (watts): 110.000

Translation rates (if applicable in sa/hr) froe-0- {Max) to -0- {Hin)

Saeple Data:
Types of Materials to be Processed:-0-
Maxisue Number of Sample Processed:-0-

Maxisue Sample Dimensions (ca) : 3.00000 Height X 3.00000 Width X 10.0000 Length (note: if height - width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from  1.00000(Max) to  1.00000(Min)




General Information of RACO Study

Date:03/01/58 Experimental Facilities Page:1- 33
Facility/Hardware Name:Lambda Point Experisent Abbr:LPE NASA Code:EN NASA Center:JPL
Developaent Status:C Sponsor :NASA Sponsored PI's

A = Under Study

B = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:A liquid helium cryostat with an experiment package to study the superfluid behavior of the liquid at critical
tesperatures.

Abstract:Large infrared observatories and gyros will use superfluid helium as a coolant; however, to be used effeciently, this
unigque element must be studied in greater detail. Many subtleties of superfluid helium behaivor are unknown because
gravitational effects disturb the unique superfluid state. An instrusented dewer flown on Spacelab 2 mission was used
successfully to study bulk fluid dynamics and motion in microgravity. The LPE will use the Spatelab dewer to study
superfluid heluis properties at critical temperatures. For the initial experiment, theories will be tested as
investigator obesrve the temperature dependence of the heat capacity of helium near the lambda point. High resolution
geasurements will be made with state-of-the-art thersometry technology.

Suseary of Capabilities:

Theraal Data:

Tesperatures (deg C) from -268.000(Kax) to -273.000(Min) with a Maximus Tesperature Delta of 0.00000(deg C)
Maxisue Cooling Rate {watts):-0-

Translation rates (if applicable in am/hr) from-0- (Max) to -0- (Min)

Sample Data:
Types of Materials to be Processed:Liquid Helium
Maximue Number of Sample Processed: 1

Maxieus Sasple Dimensions (cm) :-0- Height X-0- Width X-0- Length {note: if height = width then is Dia.)

Pressure Data:
fiperational Pressures (Ats) from  1.00000(Max) to  0.00000(Min)




General Inforeation of RACO Study

Date:03/01/83 Experimental Facilities Page:1- 34
Facility/Hardware Name:LARGE ISOTHERMAL FURNANCE Abbr:LIF NASA Code:na NASA Center:na
Development Status:A Sponsor : JAPANESE SPACE AGENCY

A = Under Study

B = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:USED TO HEAT-TREAT LARGE SPECIMENS UNDERUNIFORM TEMPERATURE DISTRIBUTIONS. GAS COOLING IS ALSO AVALIABLE DURING
PROCESSING SEQUENCE.

Abstract:THREE-ZONE HEATER CONTAINS THREE THERMO- COUPLES AND ARE CONTROLLED INDEPENDENTLY BY A MICROCOMPUTER. THE LIF SUPPORTS
THE FOLLOWING EXPERIMENTS: FORMATION MECHANISH OF DEOXIDATION PRODUCTS IN IRON INGOT DEOXIDIZED WITH TWO OR THREE
ELEMENTS, PREPARATION IF Ni BASE DISPERSION STRENGTHENED ALLOYS, STUDY ON THE MECHANISM OF LIQUID PHASE SINTERING. THE
UNIT IS DESIGNED TO FIT IN A STANDARD RACK CONFIGURATION.

Sumpary of Capabilities:

Thergal Data:

Temperatures (deg C) froa  1600.00(Max) to -0- (Min) with a Maxisum Tesmperature Delta of  9.00000(deg C)
Maxisue Cooling Rate (watts): 700.000
Translation rates (if applicable in me/hr) froa-0- (Max) to -0- (Min)

Sasple Data:

. Types of Materials to be Processed:TUNGSTEN, ALLOYS CONTAING Ni, Mo, Cr, €o ' .
Maxisus Nusber of Sample Processed: 1 . _ ’
Maxisue Sample Dimensions (ca) : 2.60000 Height X 2.50000 Width X 16.8000 Length (note: if height - width then is Dia.)

Pressure Data:
Operational Pressures (Atm) fros  10.0000(Max) to -0- (Min)




Genera] Inforsation of RACO Study

Date:03/01/53 Experigental Facilities Page:1- 33
. Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY Abbr :LDF NASA Code:na NASA Center:na
Developeent Status:C Sponsor : JAPANESE SPACE AGENCY

4 = Under Study

B = In Definition

= Being Fabricated
= Existing Hardware

.................................................................................................................................

...................................................................

.................................................................

Purpose:THE LDF IS USED TO OBSERVE THE DEFORMATION OF A LIQUID DROP TO STUDY THE STABILITY OF LIQUID MEMBRANEOUS DISKS IN A
TRI-AXIAL ACOUSTIC RESONATOR.

_Abstract:THE OBJECTIVE OF THE EXPERIMENT IS TO STUDY CONTACTLESS AND STABLE POSITIONING OF LIQUID DROPS, EXCITATION OF CAPILLARY
WAVES ON THE LEVITATED LIQUID DROP SURFACE FOR A SPHERICAL AND FOR OBLATE SPHERORIDAL SHAPE AND DEFORMATION OF LIQUID
DROPS BY MEANS OF TRI-AXIAL ACOUSTIC RESONANCES. THE STABILITY OF FREE LIQUID MEMBRANEOUS DISKS IS ANOTHER OBJECTIVE IN
THE TRI-AXIAL ACOUSTIC RESONANCE FIELDS. THEORIES TO PREDICT A POSSIBLE EXTRACTION OF CAPILLARY WAVES FOR SPHERICAL
LIQUID DROPS AND FOR OBLATE SPHEROIDAL ROTATING LIQUID DROPS UNDER THE INFLUENCE OF TRI-AXIAL ACOUSTIC RESONANCES HAVE
BEEN DERIVED. THE DEFORMATION OF LIQUID DROP AND THE STABILITY OF LIQUID MEMBRANEOUS DISKS HAVE BEEN ALSO ANALYTICALLY
AND EXPERIMENRTALLY INVESTIGATED IN A TRI-AXIAL ACOUSTIC RESONATOR THROUGH EARTH BASED EXPERIMENTS ARE SEVERELY

CONSTRAINED.

Suasary of Capabilities:

Thersal Data:

Temperatures (deg C) fros  20.0000(Max) to 20.0000(Min) with a Maximue Temperature Delta of  0.00000(deg C)
Maxisus Cooling Rate (watts): 0.00000

Translation rates {if applicable in am/hr) froe 0.00000(Max) to 0.00000(Min)

Sample Data:
' Types of Materials to be Processed:SILICON OIL
Maxisue Nusber of Sample Processed: 50
Maxisum Sagple Dimensions (ce) : 1.00000 Height X 1.00000 Width X 1.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe  1.00000(Max) to  1.00000(Min)




General Information of RACO Study

Date:03/01/88 Experimental Facilities _ Page:1- 36
Facility/Hardware Name:Magnetic Isolation System Abbr :MIS 'NASA Code:IC NASA Center:
Developeent Status:C Sponsor :Sperry Corperation

A = Under Studv

B = In Definition
C : Being Fabricated
D = Existing Hardware

............................................................................

Purpose:A suspension system used to supress accelerations that might disturb the eicro gravity environsent of aaterials processing
experiments.

Abstract:The MIS is an experiment mounting device designed to reduce accelerations for microgravity saterials processing
experiments flown aboard the Shuttle. The devices being built by Sperry Corporation under a Joint Endeavor Agreesent with
NASA. The first sodel will fly in the orbiter middeck, mounted in the space of one middeck locker. The system uses
pagnetic suspension techniques to isolate an experiment from vibrations and accelerations induced by pumps, fans, and

other such disturbances on the orbiter.

Sumsary of Capabilities:

Thermal Data:
Temperatures (deg C) from  20.0000(Max) to  20.0000(in) with a Maximum Temperature Delta of 0.00000(deg C)
Maximua Cooling Rate (watts): 1.00000
Translation rates (if applicable in mm/hr) from 1.00000(Max) to 1.00000(Min)

Sample Data:
Types of Materials to be Processed:TBD
Maxisua Number of Sample Processed: 1
Maxipum Sample Dimensions (cm) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data: .
Operational Pressures (Ata) fros  1.00000(Max) to  1.00000(Min)




General Information of RACO Study

Date:03/01/8% Experisental Facilities Page:1- 37
Facility/Hardware Name:MARANGONI CONVECTION UNIT Abbr :MCU NASA Code:na NASA Center:na
Development Status:D Sponsor : JAPANESE SPACE AGENCY

A = Under Study

B = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:THE HCU SYSTEM IS USED TO OBSERVE MARANGONI CONVECTION OF A LIQUID. TWO DIMENSION FLUID FLOW CAN BE OBSERVED AND RECORDED
CINEMATOGRAPHICALLY.

Abstract:MCU HEATING BLOCK, COOLING BLOCK, AND  GLASS HEATERS EACH CONTAIN A THERMOCOUPLE. A GROUND BASED TEST UNIT HAS BEEN
DEVELOPED. THE MCU APPLIES A TEMPERATURE GRADIENT INSIDE THE FREE SURFACE VISCOUS FLUID. THE MCU APPLIES A TEMPERATURE
GRADIENT TO A4 FLUID SURFACE BY COOLING ONE SIDE AND HEATING THE OTHER AND OBSERVING THE MARANGONI CONVECTION ON THE FREE
SURFACE. :

Susmary of Capabilities:

Theraal Data:

Temperatures (deg C) froa  50.0000(Max) to  30.0000(Min) with a Maximum Temperature Delta of-0- {deg C).
Haxisue Cooling Rate (watts):-0-
Translation rates (if applicable in ea/hr) from=0- (Max) to -0- {Min)

Sasple Data:

Types of Materials to be Processed:-0-

Maxisum Nusber of Sample Processed:-0-

Haxieum Sagple Dimensions (ca) : 2.50000 Height X 2.50000 Width X 2.50000 Length {note: if height = width then is Dia.)

Pressure Data:
fperational Pressures (Ats) froe -0- {Max) to -0- {Hin)




general Inforsation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 38
Facility/Mardware Name:Mechanics of Granular Materials Abbr :MGM NASA Code:EN NASA Center:
Development Status:C Spansor :NASA Sponsared PI's

A - Under Study

B = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:To study the load-deforsation, stress/strain, inability and failure modes, and ultimate strength of cohesionless grainular
paterials in dry saturated and partially saturated state.

Abstract:This experisent will use the microgravity environsent of the Shuttle to obtain quantitive data on the behavior of
cohesionless grandular saterials. Data on the behavior of these types of saterials are of major scientific and
technological importance to a variety of disciplines: soil mechanics and geotechnical engineering, eatrhquake
engineering, coastal and off shore engineering, pneumatic transportation, and power technology. The
load-deforsation,stress-strain, inability and failure modes, and ultimate strength characteristics of cohesionless
granular saterials (dry, saturated, and partially saturated) at very low confining pressures will be studied. The HGM
will consist of & load frame, a motor-driven screw jack, pressure chambers, experiment chasbers, various sensors, cameras
and a control and data acquisition systea.

Suseary of Capabilities:

Thermal Data:

Temperatures (deg C) fros  25.0000(Max) to  20.0000(Min) with a Maxisum Temperature Delta of 0.00000(deg C)
Maximue Cooling Rate (watts): 0.00000

Translation rates (if applicable in aefhr) from 0.00000(Max) to 0.00000(Min)

Sasple Data:

Types of Materials to be Processed:sand, soil, gravel,etc.

Maxisue Nusber of Sample Processed: 1 :

Maxisue Sample Dimensions (c#) :-0- Height X-0- Hidth X-0- Length {note: if height = width then is Dia.)

‘ Pressure Data:
| Operational Pressures (Ata) fros  80.0000(Max) to  1.00000(Min)




general Inforsation of RACO Study

Date:03/01/93 Experimental Facilities Page:1- 39
Tacility/Hardware Name:MEPHISTO Abbr:-0- NASA Code:na NASA Center:na-

Development Status:D Sponsor :EUROPEAN SPACE AGENCY
A = Under Study :
B = In Definition
C : Being Fabricated
D = Existing Hardware

Py 7ose:THE FURNANCE IS A SPECIALIZED VERSION OFTHE DIRECTIONAL SOLIDIFICATION FURNANCE

Abstract:FURNANCE WILL BE DESIGNED TO BE HOUSED IN AN EXPERIMENT APPARATUS CONTAINER FOR USE ON THE MATERIALS SCIENCE LABORATORY
LOCATED IN THE ORBITER PAYLOAD BAY. A GROUND-BASED TEST FURNANCE HAS BEEN DEVELOPED IN FRANCE. PRELIMINARY DESIGN FOR THE
FLIGHT FURNANCE IS UNDERWAY AT PRESENT.LEAD TINE FOR COMPLETION OF FLIGHT FURNANCE IS THREE YEARS.

Saamary of Capabilities:

Thersal Data:

Tesperatures (deg ) from  1200.00(Max) to -0- (Min) with a Haxisum Teaperature Delta of-0- {deg €)
Maximus Cooling Rate {watts):-0-
Translation rates {if applicable in am/hr) fros-0- (Hax) to -0- {Nin)

Sagple Data:

Types of Materials to be Processed:-0-

Maxisus Nusber of Sample Processed:-0-

Maxisum Sasple Dieensions {ca) :-0- Height X-0- Nidth X~0- Length (note: if height = width then is Dia.)

Pressure Data:
pperational Pressures (Ats) froa -0- (Max) to -0- (Min)




General Information of RACO Study

Date:03/01/8% Experimental Facilities Page:1- 40
Facility/Hardware Name:MIRROR HEATING FURNANCE Abbr : MHF NASA Code:na NASA Center:na
Development Status:D Sponsor :EUROPEAN SPACE AGENCY

A = Under Study

= In Definition

€ : Being Fabricated
D = Existing Hardware

Purpose:SAMPLE IS HEATED BY RADIATION FROM THO HALOGEN LAMPS. LIGHT INTENSITY IS CONTROLLED BY PHOTO CELL. FURNANCE INTERIOR CAN
BE EVACUATED OR FILLED WITH ARGON.

Abstract:FURNANCE FACILITY IS DESIGNED TO FIT IN SPACELAB MATERIAL SCIENCE DOUBLE RACK FACILITY. THE MHF HAD TECHNICAL PROBLEMS ON
SPACELAB 1. IT WAS REPAIRED AND REFLOWN ON SPACELAE D-1.

Summarv of Capabilities:

Thermal Data:

Temperatures (deg C) froe  2100.00(Max) to  200.000(Min) with a Maxisus Tesperature Delta of-0- {deg C)
Maxigua Cooling Rate {watts):-0-
Transiation rates (if applicable in amafhr) froa-0- (Max) to -0- {Min)

Sample Data:

Types of Materials to be Processed:-0-

Maximue Nusber of Sample Processed:-0-

Maximum Sample Disensions (ca) : 2.00000 Height X 2.00000 Width X 15.0000 Length (note: if height = width then is Dia.)

Pressure Data: .
fperational Pressures (Ata) from -0- {Max) to -0- {Min)




general Inforsation of RACO Study

Date:03/01/88 Experigental Facilities Page:1- 41
Facility/Hardware Nage:Monodisperse Latex Reactor Systes Abbr :MLRS NASA Code:EN NASA Center:MSFC
Developaent Status:D Sponsor :NASA Sponsored P1's

A = Under Study

B = In Definition

€ = Being Fabricated
D = Existing Hardware

Purpose:To produce larger and eore uniform monodisperse latex particles than can be manufactured on Earth. The reactor produces 10
to 30 eicrometer spheres and other required shapes.

Abstract:THE MLRS CONSISTS OF FOUR MONODISPERSE LATEX REACTORS (MLRs) LOCATED IN AN EXPERIMENT APPARATUS CONTAINER (EAC), A
SUPPORT ELECTRONICS PACKAGE (SEP), AND TWO INTERCONNECTING CABLES (ONE FOR POWER, ONE FOR SIGNAL). EACH OF THE MLRs CAN
PROCESS UP TO 100 al OF LATEX-FORMING MATERIAL AT TWO NOMINAL TEMPERATURES (70 OR 90 C) OR AT OTHER TEMPERATURES, IF
DESIRED.THE MATERIAL CAN BE STIRRED IN THE PREPROCESS MODE OR STIRRED AND HEATED IN THE PROCESS MODE. DURING THE PROCESS
MODE, ONE VOLUME AND FOUR TEMPERATURES (BASE, WALL, PISTON, AND FLUID} ARE MEASURED. THE SEP CONVERTS THE ANALOG DATA TO
DIGITAL DATA AND RECORDS THE INFORMATION ONCE EVERY MINUTE.

Supmary of Capabilities:

Theraal Data:

Temperatures (deg C) from 90.0000(Max) to  20.0000(Min) with a Maximus Temperature Delta of 0.00000{deg C)
Maximus Cooling Rate (watts):-0-

Translation rates (if applicable in ma/hr) froe-0- (Max) to -0- {Min)

Sasple Data:

Types of Materials to be Processed:Latex

Maxisus Number of Sample Processed: 4

Maxisua Sample Dimensions (cm) : 20.5700 Height X 20.5700 Width X 38.1000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ate) from 1.00000(Max) to  1.00000(Min)




General Information of RACO Study

Date:03/01/858 Experimental Facilities Page:1- 42
Facility/Hardware Name:Moving Wall Electrophoresis Unit Abbr : MHEY NASA Code:EN NASA Center:MSFC
Developsent Status:A Sponsor :NASA

A = Under Study

B -
C = Being Fabricated
D = Existing Hardware

Purpose:To evaluate various high resolution cell separation techniques in micrograv. . This facili-v is to define the follow-on
activities for bioprocessing in space.

Abstract:This facility is a modification of the Continuous Flow Electrophoresis Systes (CFES) concept. It consists of a long,
thin rectangular chasber with two opposing electrodes. A buffer (the buffer is an electrclyte) solution containing the
desired product flows through the chamber . The facility electrodes generate a field which is perpendicular to the
chasber flow. As the electrolyte solution flows through this field the target materials are separated into narrow streass
which are collected at the chasber flow exit. Target material location within the flow at the exit is a function of the
paterial’s electronic charge. Friction between the flowing buffer solution and the side walls generate forces which
inhibit the separation process. Therefore, this facility’s walls move with the flow to reduce flow distortion

Susmary of Capabilities:

Thermal Data:
Temperatures (deg C) from  25.0000(Max) to  10.0000(Min) with a Maxisua Tesperature Delta of 0.00000(deg C)
Maxisug Cooling Rate {watts): 1000.00
Translation rates (if applicable in me/hr) froe-0- (Max) to -0- {¥in)

- Sasple Data: ‘
Types of Materials to be Processed:biomaterials, cells, proteins, etc.
Maxisue Nusber of Sample Processed: 1
Maxisue Sasple Dimensions (cm) :-0- Height X-0- Width X-0- Length {ncte: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) fros  1.00000(Max) to  1.00000(Min)
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Date:03/01/83 Experimental Facilities Page:1- 43
Facility/Hardware Name:Multiple Experiment Processing Furnace  Abbr:MEPF NASA Code:IC NASA Center:MSFC
Development Status:C Sponsor :NASA sponsored PI's

A = Under Study

8 = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:A directional solidification furnace with unique quench capability specifically designed for metals and alloy °
solidification. This facility has on orbit sample change-out as well.

Abstract:THE MEPF WILL BE A MODULAR, SECOND GENERATION VERSION OF EARLIER MODEL DIRECTIOMAL SOLIDIFICATION FURNACES. IT WILL
PROCESS LARGER SAMPLES THAN EXISTING FURNACES AND PERMIT ON-ORBIT SAMPLE CHANGEOUT. THE FURNACE WILL ACCOMMODATE
INVESTIGATIONS OF PHENOMENA INVOLVED IN THE SOLIDIFICATION OF METALS AND SEMICONDUCTOR MATERIALS. EXPERIMENTS IN THIS
APPARATUS WILL OPTIMIZE PROCESS PARAMETERS SUCH AS TEMPERATURE GRADIENTS AND STUDY THE EFFECTS PRODUCED BY VARYING THE
RELATIVE PERCENTAGES OF MATERIALS SUCH AS DOPANTS. THE MEPF IS BEING DESIGNED FOR AUTOMATIC OR MANUAL OPERATIONS ABOARD

SPACELAB OR THE SPACE STATION.

Susmary of Capabilities:

Thermal Data:

Tesperatures {deg C) froa  1600.00(Max) to 600.000(Min) with a Maxisue Tesperature Delta of  400.000(deg C)
Maxisus Cooling Rate {watts): 1450.00

Translation rates (if applicable in ma/hr) from 600.000(Max) to 0.06000{Min)

Sasple Data: :

Types of Materials to be Processed:metals and metal alloys

Maxisus Number of Sasple Processed: 1 ‘

Maxisus Sample Dimensions (cm) : 2.20000 Height X 2.20000 Width X 18.0000 Length (note: if height - width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from 1.50000(Max) to  0.00000(Hin)
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Facility/Hardware Nase:Non-Linear Optical Monomers Abbr :NLOW NASA Code:Code C NASA Center:MSFC
Development Status:C Sponsor :University of Alabasa in Huntsville-CCDS

A = Under Study

B = In Definition
C : Being Fabricated
D = Existing Hardware

Purpose:Non-Linear Optical Monomers will be grown using a fixed array of continuous flow channels. Properly designed organics
possess outstanding optical and electrooptical properties.

Abstract:Recent advances in the field of non-linear optics (NLO) hold great promise for important applications in integrated
optics, telecossunications, and optical information processing. Potential applications include electarooptical switching,
optical asplification for communications, and parallel processing for hybrid optical computers. NLO monomers will be
grown using a fixed array of continuous flow channels. These channels will require venting between runs for the inert
carrier gases. The tesperature distribution ofeach channel will be automatically controlled. The process will be
controlled automatically, however, some crew interaction is required for experiment adjustsents.

Sussary of Capabilities:

Thersal Data:

Tesperatures (deg C) froe -0- (Max) to -0- (Min) with a Maximus Temperature Delta of-0- {deg C)
Maximus Cooling Rate (watts):-0-
Translation rates (if applicable in sa/br) fros-0- (Max) to -0- {Hin)

Sample Data:

Types of Materials to be Processed:Vapor and liquid phase organic solutions

Maximus Number of Sample Processed:-0- .

Maxiaum Sagple Dimensions (ce) :-0- Height X-0- Width X-0- Length {note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe -0- (Max) to -0- (Hin)
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Date:03/01/88 Experimental Facilities Page:1- 45
Facility/Hardware Name:Non-Linear Optical Organic Crystals Abbr :NLOOC NASA Code:Code C NASA Center :MSFC
Developaent Status:C sponsor :University of Alabasa in Huntsville-CCDS

A = Under Study

8 = In Definitien

C = Being Fabricated
D = Existing Hardware

Purpose:Non-Linear Optical Organic Crystals will be grown using a fixed array of 27 sealed aspoules. The purpose of the experisent
is to grow large defect free organic crystals.

Abstract:Recent advances in the field of non-linear optics (NLO) hold great promise for important applications in integrated
optics, telecossunications, and optical information processing. Much of the early work in the NLO area focused on
inorganic materials. Recent research efforts indicate that properly designed organics could be used for optical and
electarooptical switching, optical amplification for comsunications and parallel processing for hybrid optical computers.
Polyseric organic materials have mechanical properties which are superior to the inorganic materials. NLO organic
crystals will be grown using a fixed array of 27 sealed ampoules. The temperature distribution of each ampoule will be
automatically and individually controlled. A prototype apparatus consists of a 4 in. by .75 -in dia. glass tube with a hot
and a cold end.

Sussary of Capabilities:

Thersal Data:

Tesperatures (deg C) from  150.000(Max) to  80.0000(Min) with a Maxisum Teaperature Delta of-0- (deg C)
Naxisum Cooling Rate (watts):-0- )
Translation rates (if applicable in sm/hr) from-0- (Max) to -0- (Min)

Sasple Data:

Types of Materials to be Processed:Organic chemicals sealed in ampoules

Maxisus Nueber of Sample Processed: 27

Haxinus Sample Dimensions (ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
fperational Pressures (Ata) from -0- (Max) to -0- (Min)
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Date:03/01/83 Experimental Facilities Page:1- 46
Facility/Hardware Name:Non-Linear Optical Thin Filas Abbr :NLOTF NASA Code:Code C NASA Center :MSFC
Development Status:C Sponsor:University of Alabama in Huntsville-CCDS

A = Under Study

B = In Definition
€ - Being Fabricated
D - Existing Hardware

- Purpose:Non-Linear optical thin filas will be grown using a fixed array of continuous flow channels. Properly designed organics
possess outstanding optical and electrooptical properties.

Abstract:Recent advances in the field of non-linear optics (NLO) hold great promise for important applications in integrated
optics, telecossunications, and optical information processing. Potential applications include electrooptical switching,
optical amplification for cossunications, and parallel processing for hybrid optical computers. The temperature
distribution of each channel will be autosatically controlled. The process will be controlled autosatically, however,
soge crew interaction is required for experiment adjustments. A new apparatus has been designed and constructed for the
vapor phase NLO thin file growth experiment. This unit is a prototype of the one which would be flown on the ISF or
shuttle. The prototype interior consists of a 4 in. by 0.75 in. dia. glass tube with one cold end and one hot end.

Sugmary of Capabilities:

Thersal Data:

Temperatures {deg C) froe 150.000(Max) to  80.0000(Min) with a Maxisum Temperature Delta of-0- (deg C)
Maximus Cooling Rate (watts):-0-
Translation rates (if applicable in mam/hr) froe-0- {Max) to -0- {Nin)

Saaple Data:

Types of Materials to be Processed:Vapor and liquid phase organic solutions '
Haxieus Number of Sample Processed: 1

Maximua Sasple Dimensions (cm) : 1.90000 Height X 1.90000 Width X 10.1600 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe -0- {Max) to -0- (Min)
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Date:03/01/88 Experimental Facilities Page:1- 47
Facility/Hardware Nase:Normal Freezing Furnace-! Abbr:NFF-1 NASA Cade:IC NASA Center :MSFC
Developaent Status:( Sponsor :International Space Corporation

A = Under Study

8 = In Definition

C = Being Fabricated
D = Existing Hardware

-----------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------

Purpose:This is a comsercially developed bridgman type furnace used to produce electronic materials in space.

Abstract:THE NFF IS BEING BUILT BY INTERNATIONAL SPACE CORPORATION AND WILL BE FLOWN ON THE SHUTTLE UNDER A JOINT ENDEAVOR
AGREEMENT WITH NASA. THE AUTOMATED FURNACE, WHICH WILL MAKE USE OF DIRECTIONAL SOLIDIFICATION, WILL BE UTILIZED T0
PRODUCE A NUMBER OF INFRARED AND SEMICONDUCTOR CRYSTALS. CANDIDATE MATERIALS INCLUDE CADMIUM TELLURIDE AND GALLIUM
ARESENIDE. THE GROUND FURNACE DESIGN IS 75 PERCENT COMPLETE AND IS EXPECTED TO BE COMPLETED IN MARCH 1988. THE FIRST
FURNACE (NFF-1) IS EXPECTED TO FLY IN JUNE 1989 AND PRODUCE SAMPLES UP TO 2.0 cm IN DIAMETER. THE NFF-2, FIRST FLIGHT IN
NOVEMBER OF 1990, WILL PRODUCE SAMPLES UP T0 3 ca IN DIAMETER. NFF-3, FIRST FLIGHT IN MAY OF 1992, WILL PRODUCE UP T0 5
ce SAMPLES, AND THE COMMERCIAL NFF IS EXPECTED TO FLY IN JULY OF 1993 AND NILL PRODUCE SAMPLE FROM S.0 ca T0 8.0 ca IN
DIAKETER.

Suesary of Capabilities:

Thersal Data: :

Temperatures (deg C) from  1600.00(Max) to  400.000(Min) with a Maxisus Tesperature Delta of  400.000{deg C)
Maximus Cooling Rate (watts):-0-

Translation rates (if applicable in mm/hr) from 50.0000(Max) to 5.00000{Min)

Sample Data:

Types of Materials to be Processed:CdTe,GaAs,HgCdTe,InP, and others

Maxisus Nuaber of Sample Processed: 4

Maxiaum Sample Dimensions (cm) : 2.50000 Height X 2.50000 Width X 17.5000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from 1.10000(Max) to .1300E-6(Min)




general Inforsation of RACO Study

Date:03/01/88 Experisental Facilities Page:1- 48
Facility/Hardware Nase:Organic & Polyser Crystal Growth Facil.  Abbr:OPCGF NASA Code:IC NASA Center:MSFC
Developsent Status:B Sponsor : NASA

A = Under Study

B = In Definition

C - Being Fabricated
D = Existing Hardware

Purpase:To research the influence of microgravity on the structure and characteristics of organic and polyser crystalline
gaterials with unique electrical, sagnetic, & optical properties.

Abstract:This apparatus will be dedicated to research on the influence of low-gravity on the structure and characteristics of
organic and polyser crystalline materials thet have unique electrical, sagnetic and electo-optical properties. In
microgravity, where turbulent convection, bouyancy, and sedimentation are reduced, it may be possible to produce new and
isproved crystals. Requiresents for this furnace are bening defined; the goal is to design a modular furnace that can be
flown in the Spacelab sodule and later on the Space Station.

Suamary of Capabilities:

Thersal Data:

Teaperatures (deg C) froe -0- (Max) to -0- {Min) with a Maxisum Tesperature Delta of-0- (deg C)
Maxisum Cooling Rate (watts):-0-
Translation rates (if applicable in ma/hr) fros-0- (Max) to -0- (Min)

Sample Data:

Types of Materials to be Processed:Organic and polymers

Maxisue Nusber of Sample Processed:-0-

Haximue Sample Dimensions (cs) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
pperational Pressures (Ata) fros -0- (Max) to -0- (Min)
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Facility/Hardware Name:Organic and Polyser Processing Exper. Abbr :0PPE NASA Code:IC NASA Center :MSFC
Development Status:D Sponsor :3H SREAL

A = Under Study

= In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:Solution (DMOS), Vapor (PVT0S), and selt growth of organic and polyaer crystals by low to moderate tesperature processes

Abstract:This facility will house the PYTOS, DMOS and a new directional solidification furncae to support 3M’s JEA’s on US-1. This
DSF will process organics and polymers at much lower temperatures than the AADSF or NNF. Therefore, this is a special
furnace TBD.

Suamary of Capabilities:

Thersal Data:

Temperatures (deg C) from  200.000{Max) to  20.0000(Min) with a Maxisus Temperature Delta of  10.0000(deg C)
Maximue Cooling Rate {watts):-0-

Translation rates (if applicable in ma/hr) fros-0- (Max) to -0- {Min)

Sagple Data:

Types of Materials to be Processed:Organics and Polymers

Maxisus Number of Sasple Processed: 25

Maximue Sasple Dimensions (ca) : 2.00000 Height X 2.00000 Width X 10.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from  1.00000{Max) to 1.00000(Min)
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Date:03/01/88 Experisental Facilities Page:1- 50
Facility/Hardware Name:0RGANIC CRYSTAL GROWTH EXP. FACILITY Abbr :0CF NASA Code:EN NASA Center :MSFC
Development Status:C Sponsor : JAPANESE SPACE AGENCY

4 = Under Study

B = In Definition

¢ = Being Fabricated
D = Existing Hardware

GROWING IS POSSIBLE.

Abstract:EACH CELL HAS THREE SECTIONS. THE CENTERSECTION IS A PROCESSING CELL, AND THE OTHER TWO SECTIONS CONTAIN DONOR LIQUID
AND ACCEPTON LIQUID. A GROUND BASED TESTUNIT HAS BEEN DEVELOPED. THE OCF IS AT PRESENT IN THE PRELIMINARY DEESIGN PHASE
AND IS EXPECTED TO FLY ON SPACELAB-J IN 1988. THE UNIT IS COMPATIBLE WITH A STANDARD RACK CONFIGURATION.

Sumsary of Capabilities:

Thersal Data:

Tesperatures {deg C) from -0- {Max) to -0- (Min) with a Maxisus Tesperature Delta of  0.00000(deg ¢)
Maximus Cooling Rate (watts):-0-
Translation rates (if applicable in mafhr) from-0- (Max) to -0- {Kin)

Sample Data:

Types of Materials to be Processed:-0-

Haxigum Number of Sample Processed:-0-

Maximua Sasple Dimensions (ca} :-0- Height X-0- Width x-0- Length (note: if height = width then is Dia.)

Prassure Data:
operational Pressures (Ate) from -0- (Max) to -0- (Hin)
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Date:03/01/88 Experimental Facilities Page:1- 5l
Facility/Hardware Name:0rganic Separations Abbr - 0RSEP NASA Code:Code C NASA Center:MSFC
Developaent Status:C Sponsor:University of Alabama in Huntsville-CCDS

= Under Study
8 = In Definition
C - Being Fabricated
D = Existing Hardware

Purpose:0Organic Separations will be accosplished by using sets of separation discs. Each disc unit has small coapartments od the
solutions and samples. The purpose is to separate org.phase

Abstract:The major interest of this type experiment is to develop the technique of affinity phase partitioning for eventual use in
low-g coamercial separations. Affinity phase partitioning utilizes an affinity ligand attached to polymers polyethylene
glycol (PEG) to pull cells into the PEG-rich phase (unwanted cells remain at the interface between the PEG-rich and
dextran-rich phases). This technique has been applied to purifying red blood cells using antibodies to the cells as
affinity ligands. The next step is to use this technique to purify large cells such as lvaphocytes and megakaryocytes
which are important for cancer and immunology research. Phase partitioning of imsiscible polymers and various biological
saterials will be accomplished using sets of separation discs. Each disc has cells which contain the samples.

Supmsary of Capabilities:

Thersal Data:

Temperatures (deg C) from  25.0000(Max) to  4.00000(Min) with a Maximum Temperature Delta of-0- (deg C)
Maximue Cooling Rate {watts):-0- )
Translation rates (if applicable in as/hr) froe-0- (Max) to -0- {Min)

Sasple Data:

Types of Materials to be Processed:Organic Solutions

Maxisus Nusber of Saeple Processed:-0-

Haxisus Sample Disensions {cw) :-0- Height X-0- Hidth X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froe -0- (Max) to -0- (Min)
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Date:03/01/68 . Experimental Facilities Page:1- 52
Facility/Hardware Name:farticle Cle:d Cosbustion Experiment Abbr :PCCE NASA Code:EN NASA Center:LeRC
Development Status:C Sponsor :NASA
4 = lirder Study
8 = " Definition
C = Being Fabricated
D = Existing Hardware

Purpose:To study the “ndasental coe:ustion processes, such as diffusion, which are masked on Earth. The facility will study the
flame properti: and extinctisn limits of 2-phase systems.

Abstract:A better understanding of ihe fundamental combution process will lead to more efficient use of fuels on earth and reduce
pollution resulting froa cosbustion. The goal of the PCCE is to study the flase properties and extinction limits for
several premixed, quiescent, two-phase cosbustion systems. The PCCE apparatus will acoustically mix eight separate
quantities of fuel particles in transparent flase tubes to obtain quiescent, unifora clouds which will be acoustically

energized and ignited.

Suseary of Capabilities:

Thersal Data:

Temperatures (deg C) from  40.0000(Max) to  10.0000(Min) with a Maxisus Temperature Delta of  0.00000{deg C)
Maxisus Cooling Rate {watts): £0.0000

Translation rates (if applicable in mm/hr) from 0.00000(Max) to 0.00000(Min)

Sasple Data:

Types of Materials to oz Processed:Solid or liguid fuels in a cloud.

Maximus Nusber of Sasvis Processed: 1

Maxisus Sample Dimensiors (ca) : 1.00000 Height X 1.00000 Width X 1.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from  10.0000(Max) to  0.50000(Min)

ORIGINAL PAGE IS
OF POOR QUALITY,
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Date:03/01/88 Experisental Facilities Page:1- 53
Facility/Hardware Name:Phase Partitioning Experisent Abbr :PPE NASA Code:EN NASA Center:MSFC
Development Status:D Sponsor :NASA

4 = Under Study

= In Definition

€ = Being Fabricated
D = Existing Hardware

Purpose:To measure the spontaneous desixing of two-phase systems in microgravity. The PPE has two solutions that are sixed
on-orbit and thier separation is observed.

Abstract:The PPE is configured for two methods of phase separation (natural coalescence and surface tension) and to allow
variations in interfacial tension, phase volume ratio, phase system cosposition, and the effect of added particles. The
PPE is a Plexiglass apparatus with 24 cavities filled with polymer aixtures of different volume fractions, viscosities,
and interface potentials. The experiment apparatus is shaken vigorously and observed photographically for phase
separation. Half of the experiments are performed in chasbers ailled the PPE Plexiglass, the other half in glass cuvettes
which fit into Plexiglass containers. On future flights, Plexiglas may be replaced with Lexan or Marguard.

Susmarv of Capabilities:

Thersal Data:

Tesperatures (deg C) from 20.0000(Max) to 20.0000(Min) with a Maximue Temperature Delta of-0- (deg C)
Maximus Cooling Rate {watts):-0-

Translation rates (if applicable in sa/hr) from 1.00000(Max) to -0- (Min)

Sample Data:

Types of Materials to be Processed:Polymer fluids

Maxieue Number of Sample Processed: 1

Maxisum Sample Disensions (ce) : 1.40000 Height X 1.40000 Width X 1.40000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- (Max) to  1.00000(Min)
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Date:03/01/88 Experimental Facilities - Page:1- 54
Facility/Hardware Name:Physical Vapor Transport Of Organic Sol. Abbr:PVT0S NASA Code:IC NASA Center :MSFC
Developaent Status:D Sponsor : 34

A = Under Study

g -
C = Being Fabricated
D = Existing Hardware

Purpose:To grow organic crystals by vapor transport sethed.

Abstract:The theoretical and experimental objective of PYTOS are aismed at producing organic thin filss with ordered crystalline
structures for basic research and commercial product development. PYTOS consists of nine independent experiment cells
housed in an EAC. The cells contain three kinds of nontoxic, nonflamsable organic saterials. Five cells contain a
proprietary source material code-named Compund & for studying physical vapor transport, and four cells contain saterials
for studying file growth, two with copper phthalocyanine and two with dicrboximide. All the materials are large
solecules. The experiment is controlled by a microprocessor. Using a hand-held keyboard and display terminal, a
crewsesber can select and activate the experisment cells, monitor cell tesperature and power levels, and perfore
diagnostic tests.

Sumeary of Capabilities:

Theraal Data:

Temperatures {deg C) froa 500.000(Max) to  20.0000(Min) with a Maxisus Temperature Delta of-0- (deg C)
Maximus Cooling Rate (watts):-0-
Translation rates (if applicable in ma/hr) from-0- (Max) to -0- (Min)

Sample Data:

Types of Materials to be Processed:Organic Elecetro/optical crystals

Maxisum Nugber of Sample Processed: 9

Maxisus Sample Dimensions (ce) : 7.62000 Height X 7.62000 Width X 30.4800 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from 1.00000{Max) to 1.00000(Min)
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Date:03/01/88 Experimental Facilities Pamo:l- 55
Facility/Hardware Name:Protein Crystal Growth I Abbr:PC61 NASA Code:EN NASA Center:MSFC
Development Status:D Sponsor :NASA, UAB

A = Under Study

8 = In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:To explore the use of the microgravity environment of space for crystal growth of proteins of sedical and scie. :fic
interest.

Abstract:The PCG-I is composed of the Vapor Diffusion Apparatus (VDA) and the Dialysis Apparatus (DA). Investigators use vapor
diffusion and dialysis techniques to organize biological molecules into large symmetrical crystals. These crystals are
then bosbarded with X-rays to create diffraction patterns, which are analyzed by cosputers. Experiments in the VDA take
place in closed chambers that are covered with clear plastic windows for visual and photographic monitoring. A droplet of
protein solution is extruded onto the tip of a syringe. This drop is suspended over a reservoir of equilibration solution
within the chasber. After crystallization is cosplete, the protein solution and crystals are drawn back in the syringe.

Suamary of Capabilities:

Therasal Data:

Temperatures (deg C) fros  23.0000(Max) to  18.0000(Min) with a Maxisus Tesperature Delta of 0.00000(deg C)
Maxigus Cooling Rate (watts):-0-

Translation rates (if applicable in as/hr) fros-0- (Max) to -0- (Hin)
Sasple Data: ‘
Types of Materials to be Processed:Proteins
Maximua Number of Sample Processed: 24

Maximum Sasple Disensions {cm) :-0- Height X-0- Width X-0- Length {note: if height = width then is Dia ®

Pressure Data:
pperational Pressures (Ats) from 1.00000{Max) to  1.00000{Min)
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Date:03/01/58 Experimental Facilities Page:1- 56
Facility/Hardware Name:Protein Crystal Growth II/III Abbr :PC62/3 NASA Code:EN NASA Center:MSFC
Development Status:C Sponsor :NASA, UAB

4 = Under Study

= In Definition
¢ = Being Fabricated
D - Existing Hardware

Purpose:To explore the use of the microgravity environment of space for crystal growth of proteins of medical and scientific
interest.

Abstract:Using data from the previous PCG experiments, a second generation, semi-automatic and thermally controlled PC6 facility
is being developed for flight in the Shuttle middeck or Spacelab. Vapor diffusion will be used to grow crystals in 120
experigen chambers mounted on trays that slide into a carrier housed in a temperature-controlled Refirgerator/Incubator
Module or the LSLE Refrigerator.

Suasary of Capabilities:

Thermal Data:

Temperatures (deg C) from  23.0000(Max) to  4.00000(Min) with a Maxisum Temperature Delta of 0.00000(deg C)
Maxisue Cooling Rate (watts):-0-

Translation rates (if applicable in sm/hr) froe-0- (Max) to -0- {Min)

Sasple Data:

Types of Materials to be Processed:Proteins ‘
Maxisue Nusber of Saeple Processed: 24

Maxisue Sagple Disensions {ce) :-0- Height X-0- Width X-0- tength (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from  1.00000(Max) to  1.00000(Min) .
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Date:03/01/83 Experimental Facilities Page:1- 57
Facility/Hardware Naee:Protein Crystal Growth IV Abbr:PCE4 NASA Code:EN NASA Center:MSFC
Development Status:B Sponsor :NASA, UAB
A = Under Study ~

B = In Definition
C - Being Fabricated
D = Existing Hardware

Purpose:To explore the use of the microgravity environment of space for crystal growth of proteins of medical and scientific
interest.

Abstract:This will be a third generation flight apparatus based on two Space Shuttle facilities for protein crystal growth. 4
spacestation PCG facility will provide for the processing of hundreds of different biological materials in a rang of
growth geosetries. The facility will be automatically controlled by a sicroprocessor, and samples will be automatically
inserted and retrieved. Crewmembers or investigators on the ground will monitor the growth using a microscope/video
systes. Before, during, and after processing, crystals will be maintained at an optismus temperature.

Suasary of Capabilities:

Thereal Data:
Tesperatures (deg C)} from  23.0000(Max) to 4.00000(Min) with a Maximus Tesperature Delta of  0.00000{deg C)
Maxisua Cooling Rate (watts):-0-
Translation rates (if applicable in se/hr) fros-0- (Max) to -0- (Hin)

Saeple Data:

Types of Materials to be Processed:Protelns

Maxisus Nusber of Sample Processed: 48 .

Maxisue Sasple Dimensions (cs) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from 1.00000(Max) to  1.00000(Min)
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Date:03/01/88 Experimental Facilities Page:i- 38
Facility/Hardware Name:Single Axis Acoustic Levitator Abbr : SAAL NASA Code:EN " NASA Center :MSFC .
Developaent Status:D Sponsor : NASA

4 = Under Study

B = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:To increase, through containerless processing, the purity of glasses, ceramics or other saterial requireing very high
processing temperatures.

Abstract:Eight sasples can be processed sequentially and autosatically in the SAAL. The samples are stored in & carousel attached
to the hot-wall furnace.

Sumsary of Capabilities:

Thereal Data:

Temperatures (deg C) fros  1550.00(Max) to  20.0000(Min) with a Maximue Tesperature Delta of-0- {deg C)
Maxisue Cooling Rate (watts): 20.0000
Translation rates (if applicable in mefhr) froa-0- (Max) to -0- (Min)

Sagple Data:

Types of Materials to be Processed:Ceramics, glasses, others ‘
Maximue Number of Sample Processed: 1 ’

Maxiaum Sasple Dimensions (cm) : 1.00000 Height X 1.00000 Width X 1.00000 Lemgth (note: if height = width then is Dia.)

Pressure Data:
fperational Pressures (Ate) from  1.00000{Max) to  1.00000(Min)
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Date:03/01/68 Experimental Facilities ‘ Page:1- 59
Facility/Hardware Name:Solid Surface Combustion Experisent Abbr :SSCE NASA Code:EN NASA Center:LeRC
Developaent Status:C Sponsor :NASA

4 = Under Study

B = In Definition

= Being Fabricated
= £xisting Hardware

Purpase:To study the burning of solid samples in microgravity to understand the flame spreading and oxygen diffusion of this
phenosena.

Abstract:In eicrogravity, the absence of buoyancy-induced gas-phase flow allows investigators to study other fudamental cosbustion
processes. For the SSCE, thermally thin fuel samples {ashless filter paper) and thermally thick fuel samples
{polysethylmethacrylate-PMMA) will be burned in a container chamber in microgravity. Thermocouples and a pressure
transducer will monitor flame spreading rates and chamber pressure.

Supmary of Capabilities:

Thersal Data:

Temperatures (deg C) from  40.0000(Max) to  10.0000(Min) with a Maxisum Tesperature Delta of 0.00000(deg C)
Maxieus Cooling Rate (watts): 80.0000

Translation rates (if applicable in mm/hr) from 0.00000(Max) to 0.00000(Min)

Sample Data:

Types of Materials to be Processed:Ashless filter paper, PMMA, and others

Maxisus Nueber of Sample Processed: 1

Maximue Sagple Dimensions (cw) : 2.00000 Height X 0.00100 Width X 4.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) froa  10.0000(Max) to  0.50000(Min)




General Inforsation of RACO Study

Date:03/01/83 Experimental Facilities Page:1- 60
Facility/Hardware Name:Space Ultra-Vacuue Reasearch Facility Abbr : SURF NASA Code:IC NASA Center:MSFC
Development Status:B Sponsor :NASA

4 = Under Study

B = In Definition

¢ = Being Fabricated
D = Existing Hardware

Purpose:To study molecular beas epitaxy in the ultra-vacuus of a wake sheild.

Abstract:Several US industral concerns are interested in exploring the sisultaneous effects of low-gravity and ultra-vacuus on
paterials processing. Areas of potential interest include molecular beam epitaxy, chesical beas epitaxy, and metal
purification. Some of this research is limited on Earth by constraints such as contasination from vacuue chamber walls.
After a requirements study, a design concept will be developed using the Shuttle to create an ultra-vacuua wake
environsent, carry instrusents to measure and chacacterize the wake, and support initial experisents that utilize the
vacuun environment of the wake. If results from these initial development efforts are promising, the SURF facility will
be designed, developed, and tested in space as a free flyer which will be a co-orbiting platfore in the vicinity of the

Space Station.

Sussary of Capabilities:

Thersal Data:

Temperatures (deg C) fros -0- (Max) to -8- {Min) with a Maxisua Tesperature Delta of-0- {deg C)
Maxisus Cooling Rate (watts):-0-
Translation rates (if applicable in mm/hr) from-0- (Max) to -0- (Min)

Saaple Data:
Types of Materials to be Processed:-0-

Maxisum Nusber of Saeple Processed:-0-
Maxisus Saaple Dimensions (cm) :-0- Height X-0- ¥idth X-0- Length (note: if height = width then is Dia.)

Pressure Data: |
fperational Pressures (Ata) from -0- {Max) to -0- {Min)




General Inforsation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 61
Facility/Hardware Name:Static Column Electrophoretic Separator  Abbr:SCES NASA Code:EN NASA Center:MSFC
Development Status:D Sponsor :NASA

A = Under Study

8 = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:To studv the separation of aspholytes by electrophoretic processes in microgravity. The solution of buffer and sample is
separated by Ph when a voltage is applied to the solution.

Abstract:Up to eight coluan assemblies can be operated and photographed in each apparatus. A constant voltage (nominally 70 Vdc)
power supply in the apparatus is used to apply potential to each colugn. The output of the 70 Vdc power supply is 40aa.
Once the apparatus is manually turned-on, it operates for 90 minutes and then shuts itself down. During the 90 minutes of
operation, 35ae photographs are taken once every three sinutes for the first 10 frases, and then once every two ainutes
for the next thirty framses. This photography sequence can be changed by the time-and control printed circuit board
asseably. Coluens, voltage displays, tesperature readouts, and time are all recorded with the photographs.

Suasary of Capabilities:

Theraal Data:

Temperatures {deg C) from 25.0000(Max) to  10.0000(Min) with a Maximua Temperature Delta of-0- {deg C)
Maxisum Cooling Rate (watts): 32.0000
Translation rates (if applicable in ea/hr) from-0- (Max) to -0- (Min)

Sasple Data:

Types of Materials to be Processed:Biomaterials, cells, protiens

Maximua Number of Sample Processed: 1 :

Maximue Sasple Dimensions (ca) : 0.47700 Height X 0.47700 Width X 15.0000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from 1.00000(Max) to 1.00000{Min)




General Information of RACO Study

Date:03/01/8% Experimental Facilities Page:1- 62
Facility/Hardware Name:Surface Tension Driven Convection Exp.  Abbr:STDCE NASA Code:EN NASA Center:LeRC
Developaent Status:C Sponsor :NASA

A = Under Study

B = In Definition

¢ = Being Fabricated
D = Existing Hardware

Purpese:To study steady state thermocapillary flows in microgravity.

Abstract:The objective of the STDCE is to design a themocapillary experiment to study the transient and steady state flows in the
picrogravity envirnoment of space. This data base is needed to develop microgravity facilities in space. Fluid contained
in a circular dish will be subjected to an isposed surface heat flux to generate the thermocapillary flow. Quantitative
data will be obtained on the nature and extent of the flows, the effects of heating rates on the flows, different thereal

sigatures, surface deformations, and flow oscillations.

Summary of Capabilities:

Thermal Data:
Temperatures (deg C) from  50.0000(Max) to  10.0000(Min) with a Haximua Tesperature Delta of  0.00000(deg c)
Maxisue Cooling Rate (watts): 50.0000 -
Translation rates (if applicable in mm/hr) fros 0.00000(Max) to 0.00000(Min)

Sample Data:

Types of Materials to be Processed:Various fluidssuch as silicon oil.

Maxinus Nugber of Sasple Processed: 1

Maxisus Sample Dimensions (ca) : 1.00000 Height X 1.00000 Width X 1.00000 Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from  1.00000(Max) to  1.00000{Min)




) General Information of RACO Study
Date:03/01/88 Experigental Facilities Page:1- 63

Facility/Hardware Name:Three Axis Acoustic Levitator Abbr:3AAL NASA Code:EN NASA Center:JPL
Development Status:D Sponsor :NASA

4 - Under Study

B = In Definition

C - Being Fabricated
D = Existing Hardware

Purpose:To study the effects of three-dimensional acoustic energy on droplet fusion, fission, oscillation, and rotation.

Abstract:Three acoustic drivers positioned along orthogonal axes are used to suspend a droplet in an acoustical energy well.
Pulsing or phasing of the drivers permits controlled oscillations or rotations. This allows the droplet to be stirred,
generate gas bubbles center the drop, and other positioning.Multiple samples can be injected and controlled while color
or B&N motion pictures are obtained, which provide one direct view and two reflected views on othogonal axes.
Temperature, acoustic pressure and driver power can be monitored. The apparatus permits the investigation of a variety of
fluid dynamic properties and particle interactions.

Susmary of Capabilities:

Thersal Data:

Temperatures (deg C) from -0- {Max) to -0- {Min) with a Maxisum Temperature Delta of-0- (deg C)
Maxisua Cooling Rate (watts):-0-
Translation rates (if applicable in me/hr) from-0- (Max) to -0- {Min)

Sample Data:

Types of Materials to be Processed:Low viscosity. fluids

Maxisue Nusber of Sample Processed: 1 . .

Maxisus Sample Dismensions (cm) : 2.30000 Height X 2.50000 Width X 2.50000 Length {(note: if height - width then is Dia.)

Pressure Data:
Operational Pressures (Ats) from 1.00100{Max) to 1.00000(Min)




General Information of RACO Study

Date:03/01/88 Experigental Facilities Page:1- b4
Facility/Hardware Name:Vapor Crystal Growth Systea Abbr :VCGS NASA Code:EN NASA Center:MSFC
Developsent Status:D Sponsor :NASA

4 = Under Study

8-
C = Being Fabricated
D = Existing Hardware

Purpose:To provide an apperatus in which to grow single crystals in orbit by vaper transport while inhibiting defects.

Abstract:The VCES furnace contains 3 seperate heating elements: the source heater, the ring heater, and the sting heater. The seed
crystal and source material are contained in a sealed ampoule. Source saterial for the vapor transport process is
positioned an the aspoule side wall, while the seed crystal is positioned on a pedestal at the bottom of the ampoule. The
source heater warms the aspoule and source material. Growth is controlled by adjusting the temperature of the ring
heater, which surrounds the stin and keeps this area warser than the seed crystal. The sting heater keeps the crystal at
cooler temperatures so that the hot vapors from the source material will crystallize on the seed’s surface.

Sugmarv of Capabilities:

Thersal Data:

Tesperatures (deg C) from  120.000(Max) to  100.000(Min) with a Maxisua Temperature Delta of  80.0000(deg ¢}
Maxisus Cooling Rate (watts):-0-

Translation rates (if applicable in ma/hr) froe-0- (Max) to -0- (Min)

Sample Data:

Types of Materials to be Processed:Electrofoptical, semiconductors

Maxisus Nusber of Saeple Processed: 1. ) ‘
Maxisus Sasple Dimensions (ca) : £.00000 Height X 8.00000 Width X 11.0000 Length (mote: if height = width then is Dia.)

Pressure Data:
Nperational Pressures (Ata) from  1.50000(Max) to  ©.00000(Min)




general Inforaation of RACO Study

Date:03/01/88 Experimental Facilities Page:1- 65
Facility/Hardware Nase:Zeolite Crystal Growth Abbr :2C6 NASA Code:IC NASA Center:MSFC
Developaent Status:A Sponsor:Clarkson CCDS/NASA

A = Under Study

= In Definition

C = Being Fabricated
D = Existing Hardware

Purpose:To study the mixing and growth of zeolites in the n1crograv1ty conditions of space.

abstract:This facility allow the Zeolites to grow from there solutions in a tesperature controlled environment. The crystals are
limited in size and shape on Earth because of the weight of the crystals is greater than the solution they are grown froa
and, therefore, they fall out of solution and settledin the bottos of the chamber. In the microgravity environsent of
space it is possible to grow larger and defect free crystals.

Sugmary of Capabilities:

Thermal Data:

Temperatures (deg C) from -0- (Max) to -0- (Min) with a Maxisum Teaperature Delta of-0- {deg C)
Maxisus Cooling Rate (watts):-0-
Translation rates (if applicable in me/hr) froe-0- (Max) to -0- (Min)

Sasple Data:

Types of Materials to be Processed:-0-

Maxisue Number of Sample Processed:-0- : .

Maxigus Saaple Dimensions (ca) :-0- Height X-0- Width X-0- Length (note: if height = width then is Dia.)

Pressure Data:
Operational Pressures (Ata) from -0- (Max) to -0- {Min)




MMPF/RACO Preliminary Data Release
Issue: 03/03/88

2. EXPERIMENTAL FACILITY DATA

This section contains the resource requirements for each of the individual
facilitfes/experiments in the RACO data base. There are 65 payloads in the data base. Each
payload will have a Physical Table, a Power/Thermal Table, a Material Table, a Data Table,
and a Functional Flow Timeline. This data base is given in Section 2.1. This section also
includes a Summary of User Requirements in Section 2.2. This summary is based on the
information given in the Requirements Synopsis Sheets. These sheets summarized the data
in the RACO data base. For those requirements for hardware not yet developed, these
estimates are based on the best information available at the time of this publication. The
results are preliminary and will be refined as the hardware definition develops.



MMPF/RACO Preliminary Data Release
Issue: 03/03/88 .

2.1 RACO DATA BASE

This section contains the RACO data base. The 65 facilities covered in the RACO
data base are given in Table 2-1. In order to complete the timeline analysis in Section 3.2,
it was necessary to reduce the data base to a smaller set that could be completed in a more
timely fashion. A set of 16 facilities was selected based on hardware availability, funding
level, availability of published data, and desire among the scientific community to conduct
similar experimentation. For this set of 16 facilities a Physical Table, a Power/Thermal
Table, a Material Table, a Data Table, and a Functional Flow have been completed. The
resource requirements for this set were primarily based on the requirements for past
experimentation in the case of hardware that has flown. Since many of these requirements
were tied to a mission-peculiar shuttle allotment, it should be expected that future
experimentation may require more resources with respect to power, data, materials, and ‘
venting. In the case of hardware that has not flown, the resource requirements are based
on the current design or flight request. The remaining 49 facilities are under study.



TABLE 2.1

PAYLOADS IN

Date:03/02/88 RACO DATABASE Page A- 1
@ ihcrenvm ¢ Teem T ihase | Gode | cenmter

~"1 TACES """ ACOUSTIC CONTAINERLESS EXPERIMENT SY5. ~~ ~~ 0 " &N~~~ "3pL "

2 ALF Acoustic Levitation Furnace D na na

3 AADSF Ad. Automated Directional Solidification C IC/EN MSFC

4 ADSF AUTOMATED DIRECTIONAL SOLIDIFICATION D EN MSFC
5 BBU BUBBLE BEHAVIOR UNIT D na na

6 CVT CHEMICAL VAPORT TRANSPORT c IC MSFC
7 CFES CONTINUOUS FLOW ELECTROPHORESIS SYSTEM D Ic MSFC

8 CHF CONTINUOUS HEATING FURNANCE A na na

9 CFLSE CRITICAL FLUID LIGHT SCATTERING EXP. C EN - JPL
10 DMOS DIFFUSIVE MIXING OF ORGANIC SOLUTIONS D IcC MSFC
11 DSF DIRECTIONAL SOLIDIFICATION FURNACE B IC LeRC
12 DDM DROP DYNAMICS MODULE D EN JPL
13 . DCE DROPLET COMBUSTION EXPERIMENT c EN LeRC
14 DTD DROPLET TECHNOLOGY DEMONSTRATION . D ﬁN  LeRC
15 EDEP Electrodeposition | | D Code C MSFC
16 ECG Electroepitaxial Crystal Growth A IC MSFC
17 EML ELECTROMAGNETIC LEVITATOR D EN MSFC
18 EOS ELECTROPHORESIS OPERATIONS IN SPACE D IC MSFC
19 FZCGF FLOAT ZONE CRYSTAL GROWTH FACILITY A MSFC
20 FEA FLUIDS EXPERIMENT APPARATUS D IC MSFC
21 FES FLUIDS EXPERIMENT SYSTEM D EN MSFC
22 GDFE GAS-JET DIFFUSION FLAMES EXPERIMENT B EN LeRC
23 GFGAS Gradient Furnace for Get-Away-Special B EN LeRC
24 G-GPRF GRADIENT GENERAL PURPOSE ROCKET FURNACE D EN MSFC
25 GHF GRADIENT HEATING FURNANCE A na na

26 HAL HIGH TEMPERATURE ACOUSTIC LEVITATOR B EN MSFC



32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
4§
49
50
51
52

:03/02/88

LPE
LIF
LDF
MIS
MCU

MGM

MHF
MLRS
MWEU
MEPF
NLOM
NLOOC
NLOTF
NFF-1
OPCGF
OPPE
OCF
ORSEP

PCCE

TABLE 2.1

PAYLOADS IN
RACO DATABASE

Image Furnace
INITIAL BLOOD STORAGE EXPERIMENT
Isoelectric Focusing

Isothermal Dendritic Growth Experment

ISOTHERMAL GENERAL PURPOSE ROCKET FURN.

ISOTHERMAL HEATING FURNANCE

Lambda Point Experiment

LARGE ISOTHERMAL FURNANCE

LIQUID DROP EXPERIMENT FACILITY
Magnetic Isolation System

MARANGONI CONVECTION UNIT

Mechanics of Granular Materials
MEPHISTO

MIRROR HEATING FURNANCE
Monodisperse Latex Reactor System
Moving Wall Electrophoresis Unit
Multiple Experiment Processing Furnace
Non-Linear Optical Monomers
Non-Linear Optical Organic Crystals
Non-Linear Optical Thin Films

Normal Freezing Furnace-1l

Organic & Polymer Crystal Growth Facil.

Organic and Polymer Processing Exper.
ORGANIC CRYSTAL GROWTH EXP. FACILITY
Organic Separations

Particle Cloud Combustion Experiment

Page A- 2
Code | Center
aa " Tha T
EN JscC
EN MSFC
EN LeRC
EN MSFC
na na
EN JPL
na na
na na
IC

na na
EN

na . na-
na na
EN MSFC
EN MSFC
IC MSFC
‘Code C MSFC
Code C MSFC
Code C MSFC
IC MSFC
IC MSFC
IC MSFC
EN MSFC
Code C MSFC
EN LeRC




Date:03/02/88 RACO DATABASE Page A- 3
® No.i Acronym | Item i Phase ! Code ! Center
53 TPPE 'Phase Partitioning Experiment " TTTRTTTUENTTTT RSFG T
54 PVTOS Physical Vapor Transport Of Organic Sol. D IC MSFC
55 PCG1l Protein Crystal Growth I D EN MSFC
56 PCG2/3 Protein Crystal Growth II/III Cc EN MSFC
57 PCG4 Protein Crystal Growth IV B EN MSFC
58 SAAL Single Axis Acoustic Levitator D EN MSFC
53 SSCE Solid Surface Combustion Experiment c EN LeRC
60 SURF Space Ultra-Vacuum Reasearch Facility B IC MSFC
61 SCES Static Column Electrophoretic Separator D EN MSFC
62 STDCE Surface Tension Driven Convection Exp. (o EN LeRC
63 3AAL Three Axis Acoustic Levitator D EN JPL
64 VCGS Vapor Crystal Growth System D EN MSFC
ZCG Zeolite Crystal Growth A IC MSFC

TABLE 2.1

PAYLOADS IN



Physical Information of the RACO Study .
Date:03/01/88 Experimental Facilities Page:2- |

Facility/Hardware Name:Ad. Autosated Directional Solidification Abbr . : AADSF

The facility has the following physical chacateriscics:
Height (a): 1.20000
Width (a): 0.60000
Depth (m):  0.560000
Mass (kg): 120.000

The facility storage requiresents:Storage of subsystea spares and user provided samples/materials
Required storage voluse (cu #): 0.05000

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?:y
If Yes, then is it a single (s) or double (d) rack: s
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some other standard carrier that the facility will
sount in, describe:EAC/MSL
Does the facility protrude into the isle or rack subsystea volume (y/n): n
Describe any protrusions into the isle or subsystes volume:none
Describe the following if they exist in the facility:
Pressure vessels:EAC, type vessel
Windows:none
oOther fracture risks:ampoules could fail in the EAC.
Special sounts:The systea should be mounted so the sasples length is parallel to the
gravity vector.




Physical Information of the RACO Study
Date:03/01/88 Experimental Facilities Page:2- 2

Facility/Hardware Name:Chesical Vapor Transport Abbr . :CYT

The facility has the following physical chacateriscics:
Height (a): 1.80000
Width (=): 1.06000
Depth {s): 0.80000
Mass (kg): 200.000

The facility storage requirements:30 kg, one middeck locker
Required storage volume (cu a):  0.00300

Some Areas of interst:
Does this facility fit in a standard rack Y/N 7: v
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:aiddeck galley
Does the facility protrude into the isle or rack subsystea volume {y/n}: y
Describe any protrusions into the isle or subsystem voluse:the furnace cannisters
Describe the following if they exist in the facility:
Pressure vessels:aapoule,furnace wall
Nindows:-0-
Other fracture risks:-0-
Special aounts:-0-



Physical Information of the RACO Study
Date:03/01/98 Experigental Facilities Page:2- 3

Facility/Hardware Name:Diffusive Mixing of Organic Solutions Abbr . : DHOS

The facility has the following physical chacateriscics:
Height (m}:-0-
Width (a):-0-
Depth (@):-0-
Hass (kg):-0-

The facility storage requirements:Reactors are housed in EACS and returned in the same container.
fequired storage voluse (cu a):-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: y
If Yes, then is it a single {s) or double (d} rack: s
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
sount in, describe:-0-
Does the facility protrude into the isle or rack subsystea voluse {y/n): n
Describe any protrusions into the isle or subsystes volume:-0-
Describe the following if they exist in the facility:
Pressure vessels:EAC
Windows:no
Other fracture risks:-0-
Special mounts:-0-




Physical Information of the RACO Study
Date:03/01/98 ' Experimental Facilities

Facility/Hardware Name:ELECTROEPITAXIAL CRYSTAL GROWTH Abbr . :ECG

The facility has the following physical chacateriscics:
Height (a): 3.13000
Width (=): 0.39000
Depth (a): 1.52000
Mass (kg): 1865.00

The facility storage requiresents:-0-
Required storage volume {cu a):-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N 7: Y
If Yes, then is it a single {s) or double (d) rack: D
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:-0-
Does the facility protrude into the isle or rack subsystea velume (y/n): N
Describe any protrusions into the isle or subsystea voluse:-0-
Describe the following if they exist in the facility:
Pressure vessels:-0-
Hindows:-0-
Other fracture risks:-0-
Special mounts:REQUIRES 3 DOUBLE RACKS.



Physical Information of the RACO Study
Date:03/01/88 Experimental Facilities Page:2- S

Facility/Harduare Name:Electromagnetic Levitator Abbr . :EML

The facility has the following physical chacateriscics:
Height {a): 58.4000
$idth (m): 35.5000
Depth {a): 35.6000
Mass (kg):  42.0000

The facility storage requiresents:none as configured
Required storage volume (cu a):-0-

Some Areas of interst: _
toes this facility fit in a standard rack Y/N 7: y
If Yes, then is it a single (s) or double (d) rack: s
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:designed for cargo bay.
Does the facility protrude into the isle or rack subsystes voluse (y/n}: n
Describe any protrusions into the isle or subsystea volume:-0-
Describe the following if they exist in the facility:
Pressure vessels:10E-9 torr chaaber
Windows:-0-
Other fracture risks:-0-
Special mounts:-0-




Physical Information of the RACO Study
Date:03/01/29 Experimental Facilities v Page:2- 4

Facility/Hardware Name:Float Zone Crystal Growth Facility Abbr . :FZCGF

The facility has the following physical chacateriscics:
Height (a):-0-
Width (a):-0-
Depth (a):-0-
Mass (kg):-0-

The facility storage requireaents:Saaple and support equipaent are housed in an EAC.
Required storage volume (cu a):-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: y
If Yes, then is it a single (s) or double (d) rack: s
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:nfa
Does the facility protrude into the isle or rack subsystes voluse {y/n}: n
Describe any protrusions into the isle or subsystem volume:n/a
Dascribe the following if they exist in the facility:
Pressure vessels:EAC
Windows:no
Other fracture risks:ampoule
Special aounts:n/a



Physical Inforsation of the RACO Study
Date:03/01/38 Experigental Facilities Page:2- 7

Facility/Hardware Nage:Fluid Experiment Systea Abbr . :FES

The facility has the following physical chacateriscics:
Height (m):  1.50000
Width (a): 1.10000
Depth (a): 0.70000
Mass (kg):  493.400

The facility storage requiresents:Requires 122.6 kg of stored itess. Fes test cells, fils magazine, fuses, etc.
Required storage volume (cu a): 0.27000

Some Areas of interst:
Does this facility fit in a standard rack Y/N 2:
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. aid deck locker Y/N:
If Yes, then how aany does this facility require:
If there is sose other standard carrier that the facility will
gount in, describe:Spacelab double rack
Does the facility protrude into the isle or rack subsystem voluse (y/n): n
Describe any protrusions into the isle or subsystea voluse:-0-
Describe the following if they exist in the facility:
Pressure vessels:-0- i
Windows:test cell
Other fracture risks:Optical components to optical bench
Special aounts:-0-




Physical Information of the RACO Study
Date:03/01/88 Experisental Facilities Page:2- 8

Facility/Hardware Name:HIGH TEMPERATURE ACOUSTIC LEVITATOR Abbr . :HAL

The facility has the following physical chacateriscics:
Height (s): 1.58000
Nidth (a): 1.06000
Depth {a): . 0.86000
Mass (kg): 295.000

The facility storage requireaents:STORAGE OF SAMPLE CARTRIDGES OF 15 TO 30 SAMPLES.
Required storage voluse (cu &): 0.01000

Some Areas of interst:
Does this facility fit in a standard rack Y/N 7: Y
If Yes, then is it a single {s) or double {(d) rack: D
Does the facility fit intoc a std. mid deck locker Y/N:
If Yes, then how msany does this facility require:
If there is some other standard carrier that the facility will
sount in, describe:-0-
Does the facility protrude into the isle or rack subsystea veluse (y/n): N
Describe any protrusions into the isle or subsystem volume:-0-
Describe the following if they exist in the factlity:
Pressure vessels:-0-
Windows:-0-
Other fracture risks:6LASS SAMPLES
Special mounts:-0-



Physical Information of the RACO Study
Date:03/01/88 Experimental Facilities Page:2- 9

Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY Abbr . :LDF

The facility has the following physical chacateriscics:
Height (m): 0.35680
Width (a): 0.52600
Depth (a): 0.55000
Mass (kg):  28.0000

The facility storage requirements:STORED IN THE FACILITY.
Required storage volume {cu a):  0.00000

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: ¥
1f Yes, then is it a single (s) or double (d) rack: §
Does the facility fit into a std. sid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
’ sount in, describe:NONE
Does the facility protrude into the isle or rack subsystes voluse (y/n): Y
Describe any protrusions into the isle or subsystea voluse:HAND WHEELS INTRUDE INTO THE ISLE 3 IN.
Pescribe the following if they exist in the facility:
Pressure vessels:NONE
Windows:VIENING WINDOW
Other fracture risks:NONE
Special mounts:NONE




Physical Inforsation of the RACO Study
Date:03/01/98 . Experimental Facilities Page:2- 10

. Facility/Hardware Name:MOVING WALL ELECTROPHORESIS UNIT Abbr . :MHEU

The facility has the following physical chacateriscics:
Height (s): 2.75300
Width (a): 0.56400
Depth (n): 0.76000
Mass (kg): 255.000

The facility storage requirements:REFERGERATED STORAGE (10 TO 14 DEG C) OF BIOMATERIAL.
Required storage volume (cu a): 0.00400

Some Areas of interst: _

Does this facility fit in a standard rack Y/N 7: Y

If Yes, then is it a single (s) or double {d) rack: S

Does the facility fit into a std. mid deck locker Y/N:

If Yes, then how many does this facility require:

If there is some other standard carrier that the facility will
acunt in, describe:SPACELAB SINGLE RACK

Does the facility protrude into the isle or rack subsystes voluse (y/a): N

Describe any protrusions into the isle or subsystes voluae:-0-

Describe the following if they exist in the facility:
Pressure vessels:1.1 ATM SEPAR. CHMS.
Windows:POLYCARBONATE PLT.
Other fracture risks:No

. Special amounts:-0-



Physical Information of the RACO Study
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Facility/Hardware Nase:Multiple Experigent Processing Furnace Abbr . :MEPF

The facility has the following physical chacateriscics:
Height (e): 1.50000
Width (a): 0.40000
Depth {a): 0.40000
Mass (kg): 250.000

The facility storage requiresents:sasple carcusel with 20 samples, Heliua tarks for quenching
Requirad storage volume {cu a}:-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: v
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. sid deck locker Y/N:
If Yes, then how many does this facility require:
If there is some other standard carrier that the facility will
sount in, describe:designed for MSL (EAC)
Does the facility protrude into the isle or rack subsystea volume {y/n}: y
Describe any protrusions into the isle or subsystea voluse:sasple carousel @ay protude
Describe the following if they exist in the facility:
Pressure vessels:ampoule, EAC
Windows:no
Other fracture risks:2500 psi He tanks for quenching
Special mounts:Facility sust be reconfigured for standard rack.




Physical Inforsation of the RACO Study
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Facility/Hardware Nase:Normal Freexing Furnace-! Abbr . :NFF-1

The facility has the following physical chacateriscics:
Height (m): 0.70000
Width (a): 0.20000
Depth (m): 0.20000
Mass (kg): 48.0000

The facility storage requiresents:2 Furnace systeas, control and data aguisition systes.
Required storage volume (cu a):-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: y
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how gany does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:EAC
Does the facility protrude into the isle or rack subsystem volume (y/n): n
Describe any protrusions into the isle or subsystes voluse:n/a
Describe the following if they exist in the facility:
Pressure vessels:ampoule
Windows:no
Other fracture risks:aspoule failure
Special mounts:n/a



physical Information of the RACO Study
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Facility/Harduare Name:Organic and Polyser Crystal Grouth fac. Abbr . :0PCGF

The facility has the following physical chacateriscics:
Height (a):-0-
Width (a):-0-
Depth (a):-0-
Mass (kg):-0-

The facility storage requirements:saaples stored in EAC and sample containers
Required storage volume {cu 8):-0-

Sose Areas of interst:
poes this facility fit in a standard rack Y/N ?: y
If Yes, then is it a single (s) or double (d) rack: d
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some ather standard carrier that the facility will
sount in, describe:-0-
Does the facility protrude into the isle or rack subsystea voluse (y/n): n
Describe any protrusions into the isle or subsystea voluse:-0-
Describe the following if they exist in the facility:
Pressure vessels:no
Hindows:-0-
other fracture risks:-0-
Special mounts:-0-




Physical Information of the RACO Study
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Facility/Mardware Name:Physical Vapor Transport of Organic sol. Abbr . :PYTOS

The facility has the following physical chacateriscics:
Height (e):-0-
Width {e):-0-
Depth (a):-0-
Mass (kg):  74.9000

The facility storage requirements:-0-
Required storage volume (cu m):-0-

Some Areas of interst:
Does this facility fit in a standard rack y/N ?: Y
If Yes, then is it a single (s) or double (d) rack: §
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:-0-
Does the facility protrude into the isle or rack subsystes voluse (y/n): N
Describe any protrusions into the isle or subsystes volume:-0-
Describe the following if they exist in the facility:
Pressure vessels:Test cells, EAC
Windows:-0-
Other fracture risks:cells contained in EAC
Special aounts:-0-



Physical Information of the RACO Study
Date:03/01/88 Experimental Facilities

Facility/Mardware Name:Protein Crystal Growth IV Abbr.:PCG-IV

The facility has the following physical chacateriscics:
Height (g): 1.60000
Width (a): 0.40000
Depth {e): 0.70000
Mass (kg): 120.000

The facility storage requiresents:Storage of 8 kg of reservoir solutions, protein buffers, alsts, etc.
Required storage voluse (cu #): 0.01000

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: v
If Yes, then is it a single (s) or double {(d) rack: s
Does the facility fit into a std. mid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:-0-
Does the facility protrude into the isle or rack subsystea volume (y/n): y
Describe any protrusions into the isle or subsystea voluse:Robotic sample mechanism
pescribe the following if thev exist in the facility:
Pressure vessels:-0-
Windows:-0-
Other fracture risks:Glass containers
Special mounts:Must be mounted such that robotics ara has forward clearance of at least 20
ca.




Physical Information of the RACO Study
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Facility/Hardware Nase:Three Axis Acoustic Levitator Abbr . : JAAL

The facility has the following physical chacateriscics:
Height (a): 0.70000
Width (a): 0.40000
Depth (a):  0.40000
Mass (kg): 125.000

The facility storage requirements:-0-
Required storage voluze {cu a):-0-

Some Areas of interst:
Does this facility fit in a standard rack Y/N ?: Y
If Yes, then is it a single (s) or double (d) rack: S
Does the facility fit into a std. aid deck locker Y/N:
If Yes, then how aany does this facility require:
If there is some other standard carrier that the facility will
sount in, describe:EAC cannister on the MSL
Does the facility protrude into the isle or rack subsystes volume (y/n): -
Describe any pratrusions into the isle or subsystea volume:-0-
Describe the following if they exist in the facility:
Pressure vessels:EAC
Windows:-0-
Other fracture risks:-0-
-Special mounts:Itea designed for MSL. Must be modified for rack.



Physical Inforsation of the RACO Study
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Facility/Mardware Name:Yapor Crystal Growth Systea Abbr . :VCGS

The facility has the following physical chacateriscics:
Height (e): 2.00000
Width (a): 0.40000
Depth (=):  0.50000
Hass {kg): 74.2100

The facility storage requireaents:VCGS experiment modules at 4 kg each, 15.0 x 9.5 x 3.5 per run.
Required storage voluse (cu @): 0.00L70

Soge Arsas of interst:
Does this facility fit in a standard rack YN 70y
If Yes, then is it a single (s) or double {d) rack: s
Does the facility fit into a std. aid deck locker Y/N:
If Yes, then how sany does this facility require:
If there is some other standard carrier that the facility will
aount in, describe:single spacelab rack
Does the facility protrude into the isle or rack subsystes voluee (y/n): y
Describe any protrusions into the isle or subsystes volume:Microscope pertrudes 16.3 ca.
Describe the following if thev exist in the facility:
Pressure vessels:aapoule
Windows:-0- -
Nther fracture risks:-0-
Special mounts:Must be medified for Space Station rack. Requires FES hardware to provide
" power and control.




‘ Power Information Of RACO Study
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Facility/Hardware Nage:Ad.Autosated Directional Solidification Abbr : AADSF

The facility has the following power systea requirements:
AC {watts): 0.00000AC Voltage: 0.0000CAC Frequency {Hz): 0.00000 AC Phase: 0
DC (watts): 1000.00DC Voltage: 28.0000

The facility has the following special power systea requiements:
The AADSF aust have a Power conditioner.

The facility has the following power systea failure requirements:
The 2xperisent would be lest, no Hazards

The facility has the following theraal systea requiresents:

Avionics Systea:

Avionics thermal load (watts): 200.000 Ideal Air teaperature (deg C):  5.00000
Surface teaperature of the air cooled ites {degC):  1400.00{Max) 200.000 {Min)}
Fluid toop Systes:
. Fluid loop thermal load {watts): 800.000 Ideal fluid temperature {deg C): 20.0000
Temperatures of the fluid cooled itea (deg C): 90.0000(Max) 2.00000 (Min)

Highest temperature of the fluid leaving the ites (deg C): 5.00000

Other Cooling:
Nther system thermal load {watts): 100.000
Other systea description:Argon :
Temperature of the cooled iteas {deg C): 100.000{Hax) 0.00000 (Min)



Power Information Of RACO Study
Date:03/01/88 Experimental Facilities Page:3- 2

Facility/Hardware Name:Chemical Vapor Transport Abbr:CYT

The facility has the following power systes requiresents:
AC (watts): 150.000AC Voltage:-0- AC Frequency (Hz): 540.000 AC Phase:-0-
DC (watts): 150.0000C Voltage: 28.0000

The facility has the following special power systea requiements:
-0_

The facility has the following power system failure requiresents:
loss of cooling

The facility has the following thermal systes requiresents:

Avionics Systea:

Avionics thermal load (watts): 150.000 Ideal Air temperature {(deg C):  20.0000
Surface temperature of the air cooled item {(degf):  75.0000(Hax) 28.0000 (Min)

Fluid Loop Systes:
Fluid loop thermal load (watts): 480.000 1deal fluid teaperature (deg C):  £0.0000
Teaperatures of the fluid cooled item (deg C): 500.000(Max) 30.0000 (Min)

Highest temperature of the fluid leaving the item (deg C):  40.0000

ther Cooling:
Other system thermal load (watts):-0-
Other systes description:-0-
Tesperature of the cooled iteas (deg C): -0- (Max)  -0- {Min)




Power Information Of RACO Study
Date:03/01/38 ) Experigental Facilities Page:3- 3

Facility/Hardware Name:Diffusive Mixing of Organic Selutions Abbr : DMOS

The facility has the following power systea requirements:
AC (watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC (watts):-0- DC Voltage: 28.0000

The facility has the following special power systea requiesents:
Operational power for the GEM

The facility has the following power systea failure requiresents:
Discontinuity in aixing of solutions.

The facility has the following thermal systea requirements:

Avionics Systea:
Avionics thermal load (watts):-0- Ideal Air teaperature (deg C):-0-
Surface temperature of the air cooled ites {degC):-0- {Max)  -0- (Min)

Fluid Loop Systea:
Fluid loop thermal load (watts):-0- Ideal fluid temperature (deg C):-0-
‘ Tesperatures of the fluid cooled itea (deg C):  -0- (Max)  -0- (Min)
Highest temperature of the fluid leaving the item (deg C):-0- .

Other Cooling:
Other system thermal load (watts):-0-
Other systea description:-0-
Tesperature of the cooled itess (deg C): -0- (Max)  -0- {Min)



Power Information 0Of RACO Study
Date:03/01/98 Experimental Facilities

Facility/Hardware Name:ELECTROEPITAXIAL CRYSTAL GROWTH Abbr :ECG

The facility has the following power systes requiresents:
AC (watts): 0.00000AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
0C (watts): 6000.00DC Voltage: 28.0000

The facility has the following special power systea requiegents:
PARALLEL OPERATION UPT( 27 KW.

The facility has the fallowing power system failure requiresents:
_O-

The facility has the following theraal systea requireaents:

Avionics Systea:
Avionics thermal load (watts):-0- - Ideal Air temperature
surface tesperature of the air cooled itea {degC):-0- (Max)  -0-

Fluid Loop Systes:
Fluid loop thermal load (watts): 4000.00 .Ideal fluid temperatur
Temperatures of the fluid cooled ites (deg C): 300.000(Max)
Highest temperature of the fluid leaving the item (deg C):  20.0000

Other Cooling:
Other system thermal load (watts):-0-
Other systes description:-0-
Teaperature of the cosled itess {deg C): -0- {Hax)  -0-

{deg C):-0-
{Hin)

e (deg C):
20.0000 (Min)

{¥in)

45.0000




Power Information Of RACO Study
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Facility/Hardware Nase:Electromagnetic Levitator Abbr :EML

The facility has the following power system requiresents:
AC (watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC (watts): 1204.00DC Voltage: 28.0000

The facility has the following special power systea requiements:
-0-

The facility has the following power system failure requiresents:
_g-

The facility has the following thermal systes requiresents:

Avionics Systea:
Avionics thersal load (watts):-0- Ideal Air temperature (deg C):-0-
Surface temperature of the air cooled itea (degC):-0- {Max})  -0- (Min)

Fluid Loop Systea:
Fluid loop thermal load (watts): 1204.00 Ideal fluid temperature (deg C): 50.0000
. Temperatures of the fluid cooled ites (deg C): 600.000(Max) 100.000 (Min)
Highest temperature of the fluid leaving the ites (deg C):  40.0000

Other Cooling:
Other systea thermal load (watts):-0-
Other systes description:-0-
Tesperature of the cooled items (deg C): -0- (Max)  -0- {Min)



Power Information 0Of RACO Study :
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Facility/Hardware Nase:Float lome Crystal Growth Faciltiy Abbr :FICEF

: The facility has the following power systea requiresents:
' AC (watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
0C (watts):-0- DC Voltage: 28.0000

The facility has the following special power systea requiesents:
sample heat-up to produce float zone.

The facility has the following power systeas failure requiresents:
-G_

The facility has the following thermal systes requiresents:

Avionics Systea:
Avionics thermal load (watts):-0- Ideal Air temperature (deg C):-0-
surface temperature of the air cooled itea (degC):-0- {Max) -0- (Min)

Fluid Loop Systea:
Fluid loop thermal load (watts):-0- Ideal fluid tesperature (deg C):-0-
Teaperatures of the fluid cooled itea (deg C):  -0- (Max)  -0- (Hin)
Highest temperature of the fluid leaving the itea (deg C):-0-

Other Cooling:
Other systea thersal load (watts):-0-
Other systea description:-0-
Tesperature of the cooled iteas (deg C}: -0~ (Max)  -0- {Min)




Power Information Of RACO Study
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Facility/Hardware Name:Fluid Experiment Systes Abbr :FES

The facility has the following power system requirements:
AC (watts): £94.000AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC (watts): 790.000DC Voltage: 28.0000

The facility has the following special power systes requiements:
_0_

The facility has the following power system failure requiresents:
_0-

The facility has the following thersal system requireaents:

Avionics Systesz:

Avionics thermal load {watts): 519.000 Ideal Air temperature (deg C): 10.0000 -
Surface teaperature of the air cooled ites {degC): 200.000(Max). 15.0000 (Min)
Fluid Loop Systea:
‘ Fluid loop thermal load (watts): 3028.00 Ideal fluid temperature (deg C):  20.0000
Temperatures of the fluid cooled itea (deg C): 50.0000(Max) 15.0000 (Min)

Highest temperature of the fluid leaving the itea (deg C):  10.0000

Other Cooling:
Other system thersal load (watts):-0-
Other systes description:-0-~
Teaperature of the cooled iteas {deg C): -g- (Max)  -0- {Min)



. Power Information OF RACO Study
Date:03/01/58 . Experigmental Facilities

Facility/Hardware Name:HIGH TEMPERATURE ACOUSTIC LEVITATOR Abbr:HAL

The facility has the following power system requiresents:
AC (watts): 120.000AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
OC (watts): 2880.00BC Voltage: 28.0000

The facility has the following special power systea requiements:
_U-

The facility has the following power systes failure requiresents:
_0-

The facility has the following thersal systes requireaents:

Avionics Systea:
Avionics thermal load (watts): 120.000 Ideal Air temperature
surface temperature of the air cooled item (degC):  45.0000(Max)

Fluid Loop Systeas:
Fluid loop thermal load (watts): 2880.00 Ideal fluid temperatur
Tesperatures of the fluid cooled ites {deg C): 500.000(Max)
Highest temperature of the fluid leaving the item (deg C):  45.0000

Dther Cooling:
Other systes thermal load (watts):-0-
Other systes description:-0-
Teaperature of the cooled iteas (deg C): -0- {Max) -0~

{deg C}:  20.0000

20.0000 (Min)

e (deg €):
100.000 (Min)

{Hin)

90.0000




: Power Inforaation Of RACO Study
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Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY Abbr :LDF

The facility has the following power system requirements:
AC (watts): 0.00000AC Voltage: 0.00000AC Frequency (Hz): 0.00000 AC Phase: 0
DC (watts): 33.8000DC Voltage: 23.0000

The facility has the following special power systea requiements:
NONE

The facility has the following power system failure requireaents:
L0OSS OF EXPERIMENT, FACILITY WILL BE OK.

The facility has the following thermal systeam requiresents:

Avionics Systea:

Avionics thersal load (watts): 170.000 Ideal Air temperature (deg C):  15.0000
Surface temperature of the air cooled itea (degC): 20.000G{Max) 20.0000 (Min)
Fluid Loop Systea:
Fluid loop thermal load (watts): 0.00000 Ideal fluid temperature (deg C):  0.00000
‘ Tesperatures of the fluid cooled itea (deg C): 0.00000(Max) 0.00000 (Min)

- Highest tesperature of the fluid leaving the item (deg C):  0.00000

Other Cooling:
Other systes thermal load (watts): 0.00000
Other systes description:NONE
Temperature of the cooled iteas (deg C): 0.00000(Max) 0.00000 (Min)



Power Information 0Of RACO Study
Date:03/01/88 Experimental Facilities

Facility/Harduare Name:MOVING WALL ELECTROPHORESIS UNIT Abbr : MHEU

The facility has the following power systea requiresents:
AC {watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC {watts): 1000.00DC Voltage: 28.0000

The facility has the following special power systea requiesents:
_9-

The facility has the following power systea failure requirements:
SAMPLE WOULD DIFFUSE BACK INTO THE BUFFR

The facility has the following thersal systes requiresents:

Avionics Systes:
Avionics thermal load (watts): 200.000 Ideal Air temperature
Surface temperature of the air cooled itea (degC):  45.0000(Max)

Fluid Loop System:

(deg C): 10
15.0000 (Min)

Fluid loop thersal load (watts): £00.000 Ideal fluid temperature (deg C):

Temperatures of the fluid cooled itea (deg C): 22.0000(Max)
Highest temperature of the fluid leaving the item (deg C}:  10.0000

Other Cooling:
Other system thersal load (watts):-0-
Other systea description:-0-
Temperature of the cooled items (deg C): -0- (Max)  -0-

12.0000 (Min)

(Min)

.0000

20.0000




Power Inforsation Of RACO Study
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Facility/Hardware Name:Multiple Experiment Processing Furnace Abbr - HEPF

The facility has the following power systee requireaents:
AC (watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC (watts): 1000.00DC Voltage: 28.0000

The facility has the following special power systea requiements:
_g-

The facility has the following power system failure requirements:
loss of experigent :

The facility has the following theraal systes requiresents:

Avionics Systea:

Avionics thermal load (watts): 350.000 Ideal Air temperature (deg €):  5.00000
Surface temperature of the air cooled itea (degC): 1500.00(Max) 400.000 (Min)
Fluid Loop Systea:
Fluid loop thermal load (watts): 950.000 Ideal fluid temperature (deg C):  20.0000
‘ Temperatures of the fluid cooled itea (deg €):  -0- (Max)  -0- {Min)

Highest temperature of the fluid leaving the itea (deg C):  5.00000

Nther Cooling:
Other systea thermal load (watts): 4920.00
Other systes description:heliua
Tesperature of the cooled items (deg C): 100.000(Max)  -0- {Min)



Power Inforaation Of RACO Study
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Facility/Hardware Nase:Normal Freezing Furnace-l Abbr :NFF-1

The facility has the following power system requirements:
AC {watts): 0.00000AC Voltage: 0.00000AC Frequency (Hz):-0- AC Phase:-0-
DC {watts): 1100.00DC Voltage: 28.0000

The facility has the following special power systea requiements:
_U_

The facility has the following power systea failure requiresents:
loss of experiment :

The facility has the following thermal systes requiresents:

Avionics Systes:
Avionics thermal load (watts): 175.000 1deal Air temperature
surface temperature of the air cooled item (degC):  500.000(Max)

Fluid Loop Systea:
Fluid locp thermal load (watts): 700.000 Ideal fluid temperatur
Teaperatures of the fluid cooled itea {(deg C):  -0- (Max)  -0-
Highest teaperature of the fluid leaving the ites (deg C}: 5.00000

ther Cooling:
ther systea thermal load (watts): 100.000
Other systee description:inert gas
Temperature of the cooled itess (deg C): 100.000(Max}  -0-

{deg C}:  5.00000

400.000 (Min)

e (deg C):
(Min)

(Min)

20.0000




Power Information 0f RACO Study
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Facility/Hardware Nase:0rganic and Polymer Crystal Growth Fac. Abbr - OPCGF

The facility has the following power system requirements:
AC (watts):-0- AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC {watts):-0- DC Voltage: 28.0000

The facility has the following special power systea requiegents:
_0..

The facility has the following power systes failure requirements:
_0- -

The facility has the following thersal systes requiresents:

Avionics Systea:
Avionics theraal load (watts):-0-
Surface temperature of the air cooled ites (degC):-0- = (Max)  -0-

Fluid Loop Systea:
Fluid loop thersal load (watts):-0-
Teaperatures of the fluid cooled ites {deg C):  -0- {Max)  -0-
Highest temperature of the fluid leaving the itea (deg C):-0-

Other Cooling:
Other systea thersal load (watts):-0-
Other systea description:-0-
Temperature of the cooled iteas (deg C):- -0- (Max) -0-

Ideal Air temperature (deg C):-0-

{Min)

Ideal fluid temperature (deg C):-0-

(Min)

(Min)



Power Information Of RACO Study
Date:o;/ﬂl/ss Experimental Facilities

Facility/Hardware Name:Physical Vapor Transport of Organic Sel. Abbr : PYT0S

The facility has the following power system requiresents:
AC (watts):-0- AC Voltage:-G- AC Frequency (Hz):-0- AC Phase:-0-
00 {watts):-0- D¢ Voltage: 28.0000

Tthe facility has the following special power systea requiesents:
-0-

The facility has the following power system failure requiresents:
-0- .

The facility has the following thermal systea requiresents:

Avionics Systes:
Avionics thermal load (watts):-0- Ideal Air temperature (deg C):-0-
Surface teaperature of the air cooled itea {degC):-0- {Max)  -0- (Min)

Fluid Loop Systes:
Fluid loop thermal load (watts):-0- Ideal fluid tesperature {deg C):-0-
Temperatures of the fluid cooled item (deg C):  -0- {Max)  -0- (Min)
Highest temperature of the fluid leaving the ites {deg C):-0-

Other Cooling:
Other systea thermal load (watts):-0-
Other systes description:-0-
Tesperature of the cooled items (deg C): -0- (Max)  -0- - (Min)
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Facility/Hardware Name:Protein Crystal Growth-1IV Abbr:PCG-1V

The facility has the following power system requiresents:
AC {watts): 160.000AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC {watts): 60.0000DC Voltage:-0-

The facility has the following special power systea requiesents:
-0-

The facility has the following power systea failure requiresents:
Variable tesp nullifies scientific retur

The facility has the following thermal system requiresents:

Avionics Systea:

Avionics thermal load (watts): 100.000 Ideal Air tesperature (deg €):  18.0000
Surface temperature of the air cooled itea (degC): 40.0000(Max) 4.00000 (Min)

Fluid Loop Systea:
Fluid loop thermal load (watts): 120.000 Ideal fluid temperature (deg C):  25.0000
Temperatures of the fluid cooled itea {deg C): 25.0000(Max) 4.00000 {Min)

Highest temperature of the fluid leaving the itea {deg C): 4.00000

Other Cooling:
Other systes thersal load (watts):-0-
Other systea description:-0-
Temperature of the cooled iteas (deg C): -0- (Max)  -0- (Min)



Power Information Of RACO Study
Date:usful/ gy Experimental Facilities

Facility/Hardware Name:Three Axis Acoustic Levitater Abbr:3AAL

The facility has the following power systes requirements:
AC {watts):-0- AC Voltage: 0.00000AC Frequency {Hz):-0- AC Phase:-0-
00 {watts): 280.000DC Voltage: 28.0000

The facility has the following special power systes requieaents:
nfa

The facility has the following power systes failure requiresents:
-D-

The facility has the following thersal systea requiresents:

Avionics Systea:
Avionics thermal load (watts):-0-

Ideal Air temperature (deg C):-0-

Surface tesperature of the air cooled item (degC):-0- (Max)  -0- {4in)
Fluid Logp Systes: )
Fluid loop thermal load (watts): 280.000 Ideal fluid temperature (deg C):-0-
Tesperatures of the fluid cooled itea (deg C): 25.0000(Max)  -0- {Min)
Highest teaperature of the fluid leaving the itea (deg C):-0-
Other Cooling:
0ther systea thersal load (watts):-0-
Other systea description:-0-
Tegperature of the cooled items (deg C): -0- {#ax)  -0- (Min)




Power Information Of RACO Study
Date:03/01/88 Experigental Facilities

Facility/Hardware Name:Vapor Crystal Growth Systea Abbr : YCES

The facility has the following power systeg requiresents:
AC (watts): 40.0000AC Voltage:-0- AC Frequency (Hz):-0- AC Phase:-0-
DC (watts): 458.000DC Voltage: 28.0000

The facility has the following special power systes requiements:
FES provides power conditioning

The facility has the following power systes failure requiresents:
-g-

The facility has the following thermal systea requiresents:

Avionics Systes:

Avionics thermal lcad (watts): 225.000 Ideal Air temperature (deg C): 1%.0000
Surface teaperature of the air cooled itee {degC):  35.0000(Max) 10.0000 (Min)

Fluid Loop Systes:
Fluid loop thermal load (watts): 233.000 Ideal fluid teeperature {deg C):  20.0000
Teaperatures of the fluid cooled ites (deg C): 120.000{Max) 30.0000 (Min) -
Highest temperature of the fluid leaving the item (deg C}:  40.0000

Other Cooling:
Other systea thersal load (watts):-0-
Other systes description:-0-
Temperature of the cooled iteas (deg C): -0- (Max)  -0- (Hin)



Materials Inforsmation of the RACO Study
Date:03/01/88 Experismental Facilities . Page: 4- |

Facility/Hardware Name:Ad. Autosated Directional Solidification Abbr : AADSF

The following Abbrevations are used in this table: Dispose: W = Waste; Phase: 6 = Gasoues
Source: L = Lab provided; V¥ : Vented; L = Liquid
6 = Generated as a product of the facility run; C = Consumed/converted $ = Solid
U = User provided, a special consumable that is unique: in the facility:

Naterials Used by This Facility are given in this table:

Supplied to the Experiment Discharged froa the Experisent

it 119
it et
Material i K
Name 1Source! Storage ‘Material! Mass | Volume!Flow Rate!PressureiDispose!PhaseiMass {YoluseiFlow RateiPressure
HH ! Requiresents | Phase | (kg) !(liter)} (ko/ain)} (ata) ! ! ‘(kg) 1 (1) ! (ke/ain)i (ata)
Air ' L lOutside Rack | & | 0.224} 175.00:-0- i 1.00000:V 16 1 0.224} 175.0¢-0- i 0.00100
! | d g H H H iStorage of output saterial:
Comments:Used to refill the facility. ! Risk: Toxic- N Reactive- N Flammable-N '
b o Coor '
Argon ' L lOutside Rack ! 6 | 0.3121 175.00;-0- 1 1.00000tV Vo6 1 0.3121 175.01-0- ! 0.00100
| d i ' i ' H iStorage of output saterial:
Cossents:Gas required to fill enclosure. ! Risk: Toxic- N Reactive- N Flasmable-N i
H ! ! i H ' i ' 1 ' i ! d
Cleaning Fluid | L !Outside Rack ! L ! 0.500} 0.5000i-0- | 1.00000i¥ i L 1 0.500{ 0.500{-0- | 1.00000
i { H i H H ' iStorage of output material:
Comments:Used to clean the facility. ! Risk: Toxic- N Reactive- N Flasmable-N !
v Co Lo
Distilled Water | L !Qutside Rack | L ) 2.000) 2.0000:-0- ! 1.000001W YL} 2.000 2.000i-0- | 1.00000
H i H ' i H 1 'Storage of output material:
Comments:Used to clean the facility. ! Risk: Toxic- N Reactive- N Flasmable-N '
. \ \ | ' . ' ' N ' ' .
L] i 1 1 ] ] 1 ] ] 1 1 1 t
Seaiconductor VU 1In Rack ! S ) 0.631: 0.07881-0- i 1.00000iC '8 1 0.6311 0.0791-0- 1 1.00000
Matl. ! ! ! i i ! d iStorage of output saterial:
Cosments:Sasple to be returned to Earth. ! Risk: Toxic- Y Reactive- N Flamsable-N 1
\ . , ' , ) J X v ) . .
1 ] 1 1 I 1 1 ] ] ] ] ] i

...................................................................................................................................

The following gives the total masses and voluses of saterials required by this facility:
Total Mass Inputed:  3.66630(kq) Total Voluse Inputed:  352.579(liters)
Total Mass Outputed:  3.66630(kg) Total Voluse Outputed:  352.579(liters)

ORIGINAL PAGE g
DE POOR QuALITY




Materials Information of the-RACO Study

Date:03/01/88 Experimental Facilities Page: 4- 2
Facility/Hardware Name:Chemical Vapor Transport Abbr:CVT
The following Abbrevations are used in this table: Dispose: W - Haste; Phase: & = Gasoues
Source: L = Lab provided; V = Vented; L = Liquid
6 - Generated as a product of the facility run; € = Consumed/converted S = Solid
U = User provided, a special consusable that is unique: in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experisent Discharged from the Experiment

1 E

HH HHH
Material N Y
Nage i1Source! Storage iMaterial! Mass | VolumeiFlow RateiPressureiDispose|PhaseiMass [Voluae!Flow RateiPressure
i i Requirements | Phase | (kg) i(liter)i (kg/min){ (atm) | ' tlkg) + (1) ! (ke/min)i (ata)
Sesiconductors | U {In Facility | § 1 0.100 0.0200}-0- 1.00000:C v § 10,1000 0.020{-0- 1 1.00000
1 t 1 t
1 ] ] ]

Coaments:Various Semiconductors

iStorage of output saterial:
Risk: Toxic- Y Reactive- N Flassmable-N

e e m - - o

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  0.10000(kg) Total Voluse Inputed:  0.02000(liters)
Total Mass Outputed:  0.10000(kg) Total Volume Outputed: 0.02000(liters)



Haterials Inforsation of the RACO Study

Date:03/01/38 Experimental Facilities Page: 4- 3
Facility/Hardware Name:Diffusive Mixing of Organic Solutions. Abbr :DH0S ‘
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: & = Gasoues
Source: L = Lab provided; V = Vented; L - Liquid
6 - Generated as a product of the facility run; € = Consuaed/converted S = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experigent Dischargaed froa the Experiment
Material

Name

]
t
1
1
]
i
!
]

] (RN ]

t [N

i HH

Source; Storage Material! Mass | Voluse!Flow RatelPressureiDispose!PhaseiMass |VoluseiFlow RateiPressure

Requiresents | Phase | (ko) !(liter}! (kg/ein)i (ata) | ' fka) | (1) | (ko/min)| (ata)

1.000001C L | 0.258) 0.129{-0-
!Storage of output saterial:

Risk: Toxic- Y Reactive- Y Flammable-Y

- -

T

[}
Organic Solutions | # 1EAC i L 0.258 0.1268:-0- i 1.00000
¥ ) ]

1
t
]
'
]
i
1
i
Iy
T
1
[}
[}
]

R

4 + +
4

—— e ————

1
]
:'
i H
Comments:Cyanine tosyliate, triethylass onius oxonol are pracessed.
]
i

- 4
E

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  0.25760{kg) Total VYoluge Inputed:  0.12880(liters)
Total Mass Outputed:  0.25750(kg) Total Volume Outputed:  0.12830(liters)




Materials Information of the RACO Study

Date:03/01/98 . Experimental Facilities Page: 4- 4
. Facility/Hardware Nase:Electroepitaxial Crystal Growth Abbr :ECG
The following Abbrevations are used in this table: Dispase: W = Waste; Phase: & = Gasoues
Source: L = Lab provided; ¥ = Vented; L = Liquid
6 = Generated as a product of the facility run; C = Consused/converted - § = Solid
U = User pravided, a spacial consumable that is unique: " in the facility:

Materials Used by This Facility are given in this table:

Discharged fros the Experiment

i Supplied to the Experisent "
Material HH ) i
Nage i1Source!  Storage iMaterial} Mass | VolumeiFlow RateiPressureiDisposeiPhaseiMass |YoluseiFlow RateiPressure
" ! Requiresents | Phase | (kg) !(liter){ (ko/ain)! (ata) ! ! f(kg) | (1) | {kg/ain}i (ata)
GH2 ! L iOutside Rack | & 1 0.007} 83.000}-0- 10.00004Y { 6 1 0.007) 33.00i-0- i 0.90100
1 ) ] ] ]
1 1t 1

iStorage of output material:
Risk: Toxic- Y Reactive- Y Flasmable-Y

Comments:Will contain traces of Gallium Arsenid.

—— e - - o

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  0.00750(kg) Total Voluse Inputed:  33.0000(liters)
Total Mass Outputed:  0.00750(kg) Total Volume Outputed: 83.0000(liters)



Materials Inforaation of the RACO Study

Date:03/01/88 Experimental Facilities ) Page: 4- §
Facility/Hardware Name:Electromagnetic Levitator Abbr:EML
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: 6 = Gasoues
Source: L = Lab provided; ¥ = Vented; L = Liquid
6 - Generated as a product of the facility run; C = Consumed/converted § = Solid
U = User provided, a special consusable that is unique: in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experiment Discharged fros the Experiment
Material

Name

VelumeiFlow RateiPressure

1t
[N
i
Haterial! Mass ! VolumeiFlow RateiPressureiDisposeiPhaseiMass |
] i t(ke) | (1) | (ko/ein)i {atm)

11
(N}
H
[N}
i1Source!  Storage
]
1
]
]

]
[}
! Requirements | Phase | (kg) i{liter)! (kg/ein)i (ata) H
Metals and Alloys U {In Rack ! S 10.1001 0.0130:-0- i 1.00000iC P S ) 0.100 0.1301-0- i 1.00000
' i H H i ! i iStorage of output saterial:
Comments:Various Metals and Alloys ! Risk: Toxic- N Reactive- N Flammable-N H
— S

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  0.10000{kg) Total Voluse Inputed:  0.01300(liters)
Total Mass Outputed:  0.10000(kg) Total Yolume Outputed:  0.13000(liters)




Materials Inforsation of the RACO Study

Date:03/01/88 Experisental Facilities ' Page: 4- 4
‘ Facility/Hardware Nase:Float Zone Crystal Growth Facility Abbr :F2C6F
The following Abbrevations are used in this table: Dispose: # = Waste; Phase: G = Gasoues
Source: L = Lab provided; V - Vented; L = Liquid
. 6 = gGenerated as a product of the facility run; C = Consused/converted § = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

H Supplied to the Experiment K Discharged from the Experiment
Material HH Y
Nage {1Source{ Storage ‘Material! Mass | VolumeiFlow Rate!PrassureDispose;Phase;Hass
] ]
] i

Requiresents | Phase | (kg) i{liter)! (ko/ein)! (ata)

iYolume!Flow RateiPressure
i t(kg) 1 (1) | (kg/ein)} (ata)
0.631} 0.0798(-0- i 1.00000iC 1§ 1 0.83L1 0.0.791'0-
i ! H iStorage of output material:
i Risk: Toxic- Y Reactive- N Flasmable-Y

[}
t
"
T
]
i

—

]
In Facility ¢ S 1.000060
1{EAC) i

Comments:Material being processed is contained.

]
t
]
1
]
i
H
Silicon, Seaicond.| U
1
]
b
¥
]

The following aives the total sasses and voluses of aaterials required by this facility:
Total Mass Inputed:  0.63080(ka) Total Voluse Inputed:  0.07880(liters)
Total Mass Outputed:  0.63080(kg) Total Voluse Outputed: 0.07880(liters)



Materials Information of the RACO Study

Date:03/01/88 Experimental Facilities Page: 4- 7
Facility/Hardware Name:Fluid Experisent Systes Abbr -FES
The following Abbrevations are used in this table: Dispose: § = Waste; Phase: G - Rasoues
Source: L = Lab provided; V = Vented; L = Liquid
& = Generated as a product of the facility run; C = Consused/converted S = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experiment Discharged froa the Experiment

o i

Material B i

Nage i1Sourcei  Storage ‘Material! Mass | Volume!Flow Rate)PressureiDisposeiPhase}Mass iVolumeiFlow RateiPressurse

" ! Requirements | Phase | (kg) i{liter){ (kg/min)} (atm) | i ikg) 1 (1) ! (ke/min}i (atm)

Model Fluids YU iIn Rack H L | 1.000{ 1.0000:-0- ' 1.00000!¢ ¢ L 1 1.0000 1.000i-0- i 1.00000
H i H ] ; i H iStorage of output saterial:

Coasents:Various Model Fluids ! Risk: Toxic- Y Reactive- N Flammable-N g
; i ! H ' | i ! : " i : !

The following gives the total sasses and volumes of materials required by this facility:
Tatal Mass Imputed:  1.00000(kg) Total Volume Inputed:  1.00000(liters)
Total Mass Outputed:  1.00000(kg) Total Volume Outputed: 1.00000(liters)




Materials Information of the RACO Study

Date:03/01/88 Experimental Facilities ) Page: 4- 8
. Facility/Hardware Name:High Temperature Acoustic Levitator Abbr - HAL
The following Abbrevations are used in this table: Dispose: W = Haste; Phase: 6 = Gasoues
Source: L = Lab provided; V¥ = Vented; L = Liquid
6§ - Generated as a product of the facility run; C = Consumed/converted § = Solid
U = User provided, a special consusable that is unique: in the facility:

Materials Used by This Facility are given in this table:

i Supplied to the Experiment H Discharged froa the Experiment
Material Y i
Naae i1Source! Storage tMateriali Mass | VoluaeiFlow RateiPressureiDisposeiPhaseiMass iVoluseiFlow RateiPressure
" i Requirements | Phase | (ka) !(liter)} (kg/min)i{ (ata) ! ' ike) |+ (1) 1 (kg/ain)i (ats)
GN2 i L {0utside Rack | 6 1 0.116: 90.000:-0- 1.00000,V i 6 1 0.116: 90.00:-0- | 0.00100
! ] i H i i iStorage of output material:

Risk: Toxic- N Reactive- N Flaamable-N

e e ————

T X T T T

] I t I 1 { 1 i 1 i 1

The following gives the total sasses and voluses of materials required by this facility:
Total Mass Inputed:  0.11570(kg) Total Voluse Inputed:  90.0000(liters)
Total Mass Outputed: 0.11570(kg) Total Yolume Outputed:  90.0000(1iters)



Materials Information of the RACO Study

Date:03/01/88 ' Experisental Facilities Page: 4- 9
Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY Abbr :LDF
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: G = Gasoues
Source: L = Lab provided; ¥ = Vented; L = Liquid
§ - Generated as a product of the facility run; C = Consumed/converted § = Solid
U = User provided, a special consumable that is unique: in the facility:
Materials Used by This Facility are given in this table:

BN Supplied to the Experiment i Discharged fros the Experiment
Material i HH
Nage t1Source; Storage 'Material! Mass | Volume!Flow Rate!PressureiDispose!PhaseiMass iVoluseiFlow RateiPressure
i ! Requirements | Phase | (kg) !(liter)! (ka/sin)i (ata) | i k) | (1) | (ko/min)i (ata)
| GN2 'L IFROM FACILITY | 6 | 0.000} 0.0011) 0.01000) 1.00000}V ' g | 0.000F 0.001] 0.01000: 1.00000
i ' o ! i i i iStorage of output saterial:
‘ Compents:COVER GAS. ! Risk: Toxic- N Reactive- N Flasaable-N '
‘ + + + + + $ + + + $ + $ +
| i i i ] H i i { i H H H i
SILICON DIL v U IN FACILITY ] L} 0.010f 0.0100) "0.01000: 1.000001W i L 10.010) 0.010f 0.01000: 1.00000
] 1 ] 1 ] 1
i 1 1

i iStorage of output material:
Risk: Toxic- N Reactive- N Flaamable-N

The following gives the total masses and voluaes of materials required by this facility:
Total Mass Inputed:  0.01005(kg) Total Volume Inputed:  0.01110(liters)
Total Mass Cutputed:  0.01005(kg) . Total Volume dutputed: 0.01110(liters)




Haterials Information of the RACO Study

Date:03/01/88 Experigental Facilities Page: 4-10
Facility/Hardware Name:Moving Wall Electrophoresis Unit Abbr : MHEY
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: 6 = Gasoues
Source: L = Lab provided; V = Vented; L = Liquid
= Generated as a product of the facility run; C: Consuned/converted S = Salid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

HH Supplied to the Experisent T Discharged froa the Experiaent
Material H HH
Nage {1Source! Storage iMaterial! Mass | Volume!Flow RateiPressureiDispose!PhaseiMass iVolumeiFlow RateiPressure
f ! Requiresents | Phase | (kg) i(liter): (kg/ain)} (ata) | ! i(kg) | (1) ! (kg/ain}! (ata)
8iomaterial iU 1In Niddeck H Lo 4.000! 4.0000! 0.00560 1.10000:C 1L 14,0007 4. 000' 0.005607 1.00000
1 1 ]
] I

iStorage of output paterial:
Risk: Toxic- N Reactive- N Flasmable-N

1 iLocker i i
Comments:Finial product is 2ixed with a salxne/uater buffer solution.

-

The following gives the total masses and volumes of saterials required by this facility:
Total Mass Inputed:  4.00000{kg) Total Voluse Inputed:  4.00000(liters)
Total Mass Dutputed:  4.00000{kg) Total Volume Outputed:  4.00000(1liters)



Materials Information of the RACO Study

Date:03/01/88 Experimental Facilities Page: 4-11
Facility/Hardware Name:Multiple Experiment Processing Furnace Abbr :MEPF
The following Abbrevations are used in this table: Dispose: # = Haste; Phase: 6 = Gasoues .
Source: L = Lab provided; Yy = Yented; L = Liquid
6 = Generated as a product of the facility run; £ = Consumed/converted § = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Usad by This Facility are given in this table:

Supplied to the Experiment Discharged from the Experiment

i i
Material B Y
Name {1Source| Starage IMaterial! Mass ! Volume!Flow RateiPressureiDispose!PhaseiMass (VolumeiFlow RateiPressure
i ! Requirements | Phase | (kg) !(liter)! (kg/ain)} (ata} | g f{ka) 1 (1) | {kg/min)} (ata)
Air ! L ioutside Rack | 6 1 0.224} 175.00i-0- 1 1.000001V i 6 ] 0.224 175.01-0- 1 0.00100
' i i t i ] i iStorage of output eaterial:
Comments:Used to refill the faciltiy. ! Risk: Toxic- N Reactive- N Flamsable-N i
i ; ! | ; ! ' | | i i | {
Argon 'L 0utside Rack ¢ 6 | 0.312} 175.001-0- ! 1.00000:V V6 | 0.3121 175.0i-0- 1.0.00100
: i ] | H i H i iStorage of output saterial:
Comgents:used to fill furnace module. ! Risk: Toxic- N Reactive- N Flammable-N !
. E E E ; E H i i i E { i i
Cleaning Fluid 'L toutside Rack | L | 0.500{ 0.5000{-9- ! 1.0000014 L 1 0.500% 0.5001-0- 1 1.60000
! i i ] H i i iStorage of output aaterial:
Comments:Used to clean the facility. May have traces of toxic waste. ! Risk: Toxic- N Reactive- N Flammable-N :
; { ' ' i { i : i { i { i
Distilled water | L iOutside Rack | L | 2.000} 2.0000}-0- 1 1.0000014 1L 1 2.000) 2.000i-0- 1 1.00000
. H ! i i f iStorage of output material:
Cosments:Used to clean the facility. ! Risk: Toxic- N Reactive- N Flasmable-¥ i
i i ' H i i i i ( i : i g
Helium ! L iQutside Rack | § 1 0.001} 4.0000{-0- 1 17.00001V ! 6 1 0.001 4.000/-0- 1 0.00100
H | { ‘ ' ! i iStorage of output saterial:
Comments:Used for quenching sample. May contain toxic elements. ! Risk: Toxic- Y Reactive- N Flamaable-N i
i i i i : i | ; ; i E ; ;
Metals and Alloys | U {In Facility H s | 8.700! 0.1300¢-9- | 1.00000iC i § | 0.7000 0.130:i-0- 1 1.00000
i ‘ | i t i ! 'Storage of ocutput saterial:
Coaments:Sample to be returned to earth. ! Risk: Toxic- Y Reactive- N Flasmable-
]
1

——
-
-

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  3.73621(kg) . Total Volume Inputed:  356.630(liters)
Total Mass Outputed:  3.73621(kg) Total Volume Jutputed:  356.630(liters)

ORIGINAL PAGE IS
OE POOR QUALITY ‘




Materials Information of the RACO Study

Date:03/01/83 Experimental Facilities Page: 4-12
ettt ufupetegadapafrfo gttt deirmtefofetegeirduy Jefubririgeiepeldetr gttty guiabeori=lftpeedatptetriime el mtpeiuipiiesimipeioeuifooooataciiuloeifepupoiientodlee o pueged
Facility/Hardware Name:Normal Freezing Furnace-1 Abbr :NFF-1
The following Abbrevations are used in this table: Dispose: W = Waste Phase: 6 = Gasoues

Source: L = Lab provided; V = Vented:; L = Liquid
6 = Generated as a product of the facility run; € = Consuaed/converted § = Solid

= User provided, a special consumable that is unique:

in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experigent

Discharged from the Experiment

Matl.

Comments:Sample to be returned to Earth.

iStorage of output amaterial:
Risk: Toxic- Y Reactive- Y Flammable-N

HH HH
Material i i
Nage i1Source} Storage iMaterial} Mass | Volume!Flow RateiPressureiDisposeiPhaseiMass IVolume!flow RateiPressure
I ! Requirements | Phase | (kg) i(liter)! (kg/min)i{ (ata) | ! i(kg) | (1) | (ko/min)} {(ata)
Alr ! L i0utside Rack | 6 1 0.224) 175.00)-0- i 1.00000}V i 6 1 0.224{ 175.01-0- i 0.00100
i { i { 4 ! i !Storage of output materiai:
Coaments:Used to refill the facility. i Risk: Toxic- N Reactive- N Flamsable-N i
i ' H { H H H ; i ] i g i
Argon { L iOutside Rack | 6 1 0.312} 175.001-0- { 1.00000}V {6 1 0.3121 175.0i-0- 1.0.00100
' ! i ; i ] ! iStorage of output saterial:
Comments:Gas required to fill enclosure. i Risk: Toxic- N Reactive- N Flammable- '
i ' H N { i ' 4 t i i i
Cleaning Fluid | L |Outside rack | L | 0.500! 0.5000}-0- i 1.00000W i L 1 0.500f 0.500i{-0- 1 1.90000
{ i H ! H ! | iStorage of output material:
Comsents:Used to clean the facility. i Risk: Toxic- N Reactive- N Flasaable-¥ '
i i H H i H i H d | i i :
Distilled Water | L |Outside rack | L 1 2.000{ 2.0000{-0- i 1.0000014 ¢ L {2.000f 2.000;-0- i 1.00000
' i H i H i i iStorage of output saterial:
Coaments:Used to clean the facility. i Risk: Toxic- N Reactive- N Flassable-N g
i i i ' ! H ! g i ? { i i
Seniconductor i U iIn Rack i S 1 0.6311 0.0798:-0- i 1.00000:C t S 1 0.6311 6.0791-0- i 1.00000
1] ] ] 1] 1 ¥
] I i ]
1
i

Total Mass Inputed:
Total Mass Outputed:

3.66630{kg)
3.66630(kg)

The following gives the total masses and volumes of materials required by this facility:
Total Volume Inputed:  352.579(liters)

Total Volume Outputed:  352.579(liters)



Materials Information of the RACO Study

Date:03/01/88 Experimental Facilities ) Page: 4-13
Facility/Hardware Name:Organic and Polymer Crystal Growth Fac. Abbr : OPCGF
The following Abbrevations are used in this table: Dispose: W = Maste; Phase: 6 - Gasoues
Source: L = Lab provided; V = Vented: L = Liquid
6 - Generated as a product of the facility run; C = Consumed/converted S = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

Supplied to the Experiment Discharged from the Experiment

1
]
Material i
Nage i
]
]

] [BN]

i [N

i N

Sourcei Storage Material! Mass | VoluseiFlow RatelPressureiDispose!PhaseiMass {VoluseiFlow RateiPressure
Requiresents | Phase | (ko) |(liter)! (kg/ain)! (ata) | i i(kg) | (1) | (ko/min)i {ata)

¥
I i
+ $
T T hd
¢ 1
| i
|
|

-
——

1.000001C S 1 36.70) 33.36i-0- 1.00000
IStorage of output material:

Risk: Toxic- Y Reactive- Y Flammable-Y

0.435: 0.4570:-0~
! )

]

Organic Solutions !In Facility i S
1
i

- e m———
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The following gives the total masses and volumes of materials required by this facility:
Tatal Mass Inputed:  0.43500(kg) Total Voluse Inputed:  0.45700(1liters)
Total Mass Outputed:  36.6960(kg) Total Yolume Outputed: 33.3600(liters)




Materials Inforsation of the RACO Study

Date:03/01/38 Experimental Facilities Page: 4-14
. Facility/Hardware Name:Physical Vapor Transport of Organic Sol. Abbr : PYTOS
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: G = Gasoues
Source: L = Lab provided; Y = Yented; L = Liquid
6 = Generated as a product of the facility run; € = Consused/converted § = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

HH Supplied to the Experisent H Discharged froa the Experiment
Haterial T i
Hage iiSource;  Storage iMateriali Mass | VoluaeiFlow RateiPressureiDisposeiPhaseiMass (VoluaeiFlow RateiPressure
HH ! Requiresents | Phase | (kg) |(liter)! (kg/min}! (ata) | ! Mka) 1 (1)t {ka/min)i (ata)
Organic Selutions | U |EAC (self i S | 1.042) 1.0425)-0- i 1.00000:C 1S 1 1.042] 1.0431-0- i 1.00000
H icontained) | i i H ! iStorage of output material:
Cossents:Saeple saterial is contained in test cells and EAC. i Risk: Toxic- N Reactive- N Flasmable-N H
i H i ] H H H g i i ' i i

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  1.04250(kg) Total Volume Inputed:  1.04250(liters)
Total Mass Outputed:  1.04250(kg) Total Volume Outputed: 1.04260(liters)



Materials Information of the RACO Study
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Facility/Hardware Name:Protein Crystal Growth-IV Abbr - PCG-1V
The following Abbrevations are used in this table: Dispose: W = Waste; Phase: 6 = Gasoues
Source: L = Lab provided; V¥ = Yented; L = Liquid
& - Generated as a product of the facility rum; C = Consumed/converted § = Solid
U = User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

i Supplied to the Experisent i Discharged froa the Experiment
Material i i
Name {1Source;  Storage 'Material! Mass | Volume!Flow Rate!PrassureiDispose!PhaseiMass |VolumeiFlow RateiPressure
" ! Requirements | Phase | (kg) !(liter)! (ko/min}i (ata) ! i tkg) |+ {1) ! (ka/ain)} (atm)
Proteins i U0 {In Rack ' L 1 0.100% 0.1000{-0- ! 1.00000:C i L | 0.100! 0.1001-0- 1 1.00000
i : oo H i H H 'Storage of output saterial:
Comments:Various Proteins ! Risk: Toxic- N Reactive- N Flamsable-N i
. \ N , . , L Ly ,
] 1 i ] 1 1 1 ] 1 1 ] 1 i

The following gives the total masses and volumes of materials required by this facility:
Total Mass Inputed:  0.10000{kq) Total Voluse Inputed:  0.10000(liters)
Total Mass Outputed:  0.10000(kg) Total VYoluee Outputed:  0.10000(liters)




Materials Information of the RACO Study
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Facility/Hardware Name:Three Axis Acoustic Levitator Abbr : JAAL
The following Abbrevations are used ia this table: Dispose: W = Waste; Phase: G = Gasoues
Source: L = Lab provided; ) ¥ = Vented; L - tiquid
& = Generated as a product of the facility run; C = Consused/converted S = Solid
= User provided, a special consumable that is unique: in the facility:

Materials Used by This Facility are given in this table:

N Supplied to the Experiment i Discharged froa the Experiment
Material Y 1 —
Name t1Source! Storage iMaterial! Mass | VolumeiFlow Rate|PressureiDisposeiPhaseiMass [Volume|Flow Rate:Pressure
" i Requirements | Phase | (kg) !(liter)! (ko/ein){ (ata) | ' i{kg) + (1) | (ko/min)i {ata)
GN2 1L iOutside Rack | 6 | 0.003) 1.68001-0- 1 1.000001Y i & | 0.003: 1.6801-0- 1 0.00100
i i H | d H ! iStorage of output saterial:
Comments:Used to fill the experiment voluse. ) ! Risk: Toxic- N Reactive- N Flammable-N i
R v sy
| I | T 2 e T e e |

The following gives the total masses and voluses of materials required by this facility:
Total Mass Inputed:  0.00299{kg) Total Yolume Inputed:  1.68000(1iters)
Total Mass Qutputed:  0.00290{kg) Total Volume Outputed: 1.48000(liters)



Materials Inforsation of the RACO Study

Date:03/01/98 Experisental Facilities Page: 4-17
acility/Mardware Name:Vapor Crystal Growth Systes Abbr - VCES
e following Abbrevations are used in this table: Dispose: W = Waste; Phase: 6 - Gasoues
Source: L = Lab provided; V¥ = Vented: L = Liquid
& = Benerated as a product of the facility run; C = Consused/converted S = Solid
U = User provided, a special consusable that is unique: in the facility:

aterials Used by This Facility are given in this table:

Discharged from the Experiment

N Supplied to the Experiment N
Material i i
Nage !1Source! Storage Material! Mass ! Voluse!Flow RatelPressure)Dispose!PhaseiMass iVolumeiFlow RateiPressure
" ! Requirements | Phase | (kg) !{liter)! (kg/ain)i (ata) | ' t(kg) ! {1} | (ka/uin)} (ata)
smiconductors t U !In Rack ! S | 8.100; 0.0200;-0- 1.00000:C ! S 1 0.100f 0.0201-0- 1 1.00000
] 1 ] i ] 3
t ] ] H :

‘Storage of output eaterial:

:sgents:Various Semiconductors Risk: Toxic- Y Reactive- N Flammable-N

- o~ ——

1
—
-
- g
—-— 4

The following gives the total sasses and volumes of saterials required by this facility:
Total Mass Inputed:  0.10000(kg) Total Voluse Inputed:  0.02000(liters)
Total Mass Outputed: 0.10000(kg) Total Voluse Outputed: 0.02000(liters)




Data and Video Information of the :
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Facility/Hardware Name:Ad. Automated Directional Solidification
Abbr: AADSF
The facility has the following Data requirements:
Peak Data Rate: 2000.00(kBps)
Duration at Peak: 5.00000(min)
Average Data Rate: 100.000 (kBps)
Duration Total: 14400.0(min)
Peak Uplink Data Rate: 50.0000(kBps)
Duration of Uplink: 5.00000(min)
Mass Storage for On-orbit Data: 216.000(Mbit)
The Facility has the following Audio requirements: :
Audio Duration between the ground and the Lab: 60.0000(min)
Describe the audio requirement:Facility operation and sample prep.

The Facility has the following Video system requirements:
Video feild of view X: 0.03000x Y: 0.04000(cm)
Video depth of feild: 0.02000(cm)

Video resolution: 8.00000(cm)
Video Color resolution: 1.00000(bits)
Video Frame rate: 1(fps)

Video duration at highest resolution: 0.02000(min)
"Video to the ground Y/N:y
Describe the information that is sent to the ground:
One frame of the product w/microscope.
How often is this video to the ground needed:intermit. during run



Data and Video Information of the
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Facility/Hardware Name:Chemical Vapor Transport
Abbr:CVT
The facility has the following Data requirements:
Peak Data Rate:-0- (kBps)
Duration at Peak:-0- (min)
Average Data Rate:-0- (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:n

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:-0-




Data and Video Information of the
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Facility/Hardware Name:Diffusive Mixing of Organic Solutions
Abbr:DMOS
The facility has the following Data requirements:
Peak Data Rate:-0- (kBps)
Duration at Peak:-0- (min)
Average Data Rate:-0- (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-
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The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolutlon -0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_o_

How often is this video to the ground needed:-0-



Data and Video Information of the
Date:03/01/88 Raco Experimental Facilities Page 5- 4

Facility/Hardware Name:ELECTROEPITAXIAL CRYSTAL GROWTH
Abbr:ECG
The facility has the following Data requirements:
Peak Data Rate: 2.00000(kBps)
Duration at Peak:-0- (min)
Average Data Rate: 2.00000 (kBps)
Duration Total: 2.22000(min)
Peak Uplink Data Rate: 2.00000(kBps)
Duration of Uplink: 0.28000(min)
Mass Storage for On-orbit Data:-0- (Mbit)
The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 30.0000(min)
Describe the audio requirement:OPERATIONAL VERIFICATION

@ e e e e e e . i = e = e T D " " o e S o = L S e s s SR S S R SR A

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0—- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:24
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Data and Video Information of the

Date:03/01/88 Raco Experimental Facilities Page 5- 5
Facility/Hardware Name:Electromagnetic Levitator
Abbr: EML

The facility has the following Data requirements:

Peak Data Rate:-0- (kBps)

Duration at Peak:-0- (min)

Average Data Rate:-0- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-
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The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0~- (cm)
Video depth of feild:-0- (cm)

Video resolution: -0~ (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:-0-



Data and Video Information of the
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Facility/Hardware Name:Float Zone Crystal Growth Faciltiy
Abbr: FZCGF
The facility has the following Data requirements:
Peak Data Rate:-0- (kBps)
Duration at Peak:-0- (min)
Average Data Rate:-0- (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)

——-—————_——————_——_..—.__-—__—__.—-__———————--—————-—_—_.__-.__—..__—__-....._—__—___.—__

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- {(min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- {cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0..

How often is this video to the ground needed:-0-




v .
Date:03/01/88 Datp andp¥ideo Information ef the Page 5- 7

Facility/Hardware Name:Fluid Experiment System

Abbr: FES
The facility has the following Data requirements:
Peak Data Rate:-0- (kBps)
Duration at Peak:~-0- (min)
Average Data Rate: 20.0000 (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-
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The Facility has the following Video system requirements:
Video feild of view X: 5.00000x Y: 5.00000(cm)
Video depth of feild: 10.0000(cm)

Video resolution: 8.00000(cm)

Video Color resolution: 4.00000(bits)

Video Frame rate: 30(fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:y

Describe the information that is sent to the ground:
10 Mbps for 5 seconds.

How often is this video to the ground needed:-0-



Data and Video Information of the
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Facility/Hardware Name:HIGH TEMPERATURE ACOUSTIC LEVITATOR
Abbr: HAL
The facility has the following Data requirements:
Peak Data Rate: 3.00000(kBps)

Duration at Peak: 15.0000(min)

Average Data Rate: 2.00000 (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate: 2.00000(kBps)

Duration of Uplink: 15.0000(min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 30.0000(min)
Describe the audio requirement:VERIFICATION AND ADJUSTMENTS

The Facility has the following Video system requirements:

Video feild of view X:-0- . x Y:~-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:Y

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:5
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Facility/Hardware Name:LIQUID DROP EXPERIMENT FACILITY
Abbr: LDF
The facility has the following Data requirements:
Peak Data Rate: 1.00000(kBps)
Duration at Peak: 109.000(min)
Average Data Rate: 1.00000 (kBps)
Duration Total: 109.000(min)
Peak Uplink Data Rate: 1.00000(kBps)
Duration of Uplink: 5.00000(min)
Mass Storage for On-orbit Data: 7.00000(Mbit)
The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 102.000(min)
Describe the audio requirement:CREW INTERACTION WITH THE GROUND PI.

The Facility has the following Video system requirements:
Video feild of view X: 10.0000x Y: 11.0000(cm)
Video depth of feild: 10.0000(cm)

Video resolution: 8.00000(cm)
Video Color resolution: 1.00000(bits)
Video Frame rate: 30(fps)

Video duration at highest resolution: 94.0000(min)

Video to the ground Y/N:Y

Describe the information that is sent to the ground:
SELECTIVE DATA AFTER THE RUN.

How often is this video to the ground needed:l
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Facility/Hardware Name:Moving Wall Electrophoresis Unit
Abbr:MWEU
The facility has the following Data requirements:
Peak Data Rate: 0.30000(kBps)
Duration at Peak: 360.000(min)
Average Data Rate: 0.29200 (kBps)

Duration Total: 756.000(min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data: 0.21600(Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

___.___.—__—__—______—_——.__—_——_—————-——-——-—-———————.————.—————_——__—__-_.___-__—_

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (em)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:-0-

=_==-==_____.—_..=__=—__—._==—_=.-__—..-__-....____.._..._..___—.__..—_-_..-_____—__..___—___._
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Facility/Hardware Name:Multiple Experiment Processing Furnace
Abbr:MEPF
The facility has the following Data requirements:
Peak Data Rate: 20.0000(kBps)
Duration at Peak: 20.0000(min)
Average Data Rate: 20.0000 (kBps)
Duration Total: 20.0000(min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)
The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 20.0000(min)
Describe the audio requirement:Facility preparation for operation.

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- {bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0.. .

How often is this video to the ground needed:-0-—-
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Facility/Hardware Name:Normal Freezing Furnace-l
Abbr:NFF-1
The facility has the following Data requirements:
Peak Data Rate: 20.0000(kBps)
Duration at Peak: 5.00000(min)
Average Data Rate: 20.0000 (kBps)
Duration Total: 60.0000(min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- {(min)
Mass Storage for On-orbit Data:-0- (Mbit)
The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 20.0000(min)
Describe the audio requirement:Facility preparation for operation.

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_0_

"How often is this video to the ground needed:-0-
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Facility/Hardware Name:Organic and Polymer Crystal Growth Fac.
Abbr: OPCGF
The facility has the following Data requirements:
Peak: Data Rate:-0- (kBps)
Duration at Peak:-0- (min)
Average Data Rate:-0- (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)
The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- " (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
..0...

How often is this video to the ground needed:-0-
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Facility/Hardware Name:Physical Vapor Transport of Organic Sol.
Abbr:PVTOS

The facility has the following Data requirements:

Peak Data Rate:-0- (kBps)

Duration at Peak:-0- (min)

Average Data Rate:-0- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for Omn-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements: .
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
..0..

How often is this video to the ground needed:-0-
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Facility/Hardware Name:Protein Crystal Growth-IV
Abbr:PCG-1IV

The facility has the following Data requirements:

Peak Data Rate:-0- (kBps)

Duration at Peak:-0- (min)

Average Data Rate:-0- (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_o-

How often is this video to the ground needed:-0--
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Facility/Hardware Name:Three Axis Acoustic Levitator
Abbr:3AAL
The facility has the following Data requirements:
Peak Data Rate:-0- (kBps) .
Duration at Peak:-0- (min)
Average Data Rate:-0- (kBps)
Duration Total: -0- (min)
Peak Uplink Data Rate:-0- (kBps)
Duration of Uplink: -0- (min)
Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab:-0- (min)
Describe the audio requirement:-0-

The Facility has the following Video system requirements:

Video feild of view X:-0- x Y:-0- {cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:—-0- (bits)

Video Frame rate:-0- - (fps)

Video duration at highest resolution:-0- (min)

Video to the ground Y/N:-

Describe the information that is sent to the ground:
_o_ .

How often is this video to the ground needed:-0-
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Facility/Hardware Name:Vapor Crystal Growth System
Abbr: VCGS
The facility has the following Data requirements:
Peak Data Rate: 20.0000(kBps) .

Duration at Peak:-0- (min)

Average Data Rate: 20.0000 (kBps)

Duration Total: -0- (min)

Peak Uplink Data Rate:-0- (kBps)

Duration of Uplink: -0- (min)

Mass Storage for On-orbit Data:-0- (Mbit)

The Facility has the following Audio requirements:
Audio Duration between the ground and the Lab: 5.00000(min)
Describe the audio requirement:monitor and adjust as PI prescribes
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The Facility has the following Video system requirements:

Video feild of view X:-0- X Y:-0- (cm)
Video depth of feild:-0- (cm)

Video resolution:-0- (cm)

Video Color resolution:-0- (bits)

Video Frame rate:-0- (fps)

Video duration at highest resolution:-0- {(min)

Video to the ground Y/N:y

Describe the information that is sent to the ground:
_0_

How often is this video to the ground needed:every hour
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[} ]
'Facility:Ad. Automated Directional Solidification Acronys:AADSF i
t !
] 1]
'Step Number: Step Description ! Step | Crew | Power | Thersal iData RateiVideo: Coseents H
fommmmmmmm- H 'Tise(nin)!Tine(nin)! (k¥) { (kW) | (kbps) ikey Li !
! Used for | ' + + + + H H g
| I this i !Total RuniTot. CrewiEnergy IniEner. OutiTot. Datal i H
‘ ICarrier Y/NI ITine(nin) | Tine(min} ! (kW Hrs.)!(k# Hrs) iDun.(kB) i | !
::::::::::::+::::::::::::::::::::::::::::::::::::":::::::::+:::::::::f:::::Z:::*:::::::::*:::::::::f::::/::::::::::::::::::::::::::
11.2.3 ! Secure experisent rack, ! 60.0000 0.00000;-0- 1-0- 1-0- P -0 i
jummm—————e ‘containing the facility, into i + t + + + H
' tlogistics module. ! H H ! : oo i
PN ! 250.000! 0.00000! 0.00000; 0.00000} 0.00000i :
! i ! ' i i H I !
! ! + ; 4 + + D S !
12.0 ' Transport experisental facility | 120.000{ 120.000:-0- i-0- -0~ ! -§ | These steps will be |
jommmmmme !fros logistics sodule to carrier. + ¢ + + +  iperforsed once at the |
| ' H i H H ] ! ! lbegining of the mission. i
| PoMo ! 370.000! 120.000! 0.00000! 0.00000: 0.00000i . :
H H ' ' g i H . |
! + $ } 4 + + ORI _—
\ i2.1 ! Secure experiment rack in carrier! 60.0000i 60.0000i-0- i-0- i-0- P01 ]
‘ jrmmmm————n !location assigned for aission. 1 t \ + t + g
3 i H i ! ! ' i Voo '
| PN ! 430.000! 180.000! 0.00000; 0.00000! 0.00000i | :
! i ' i ! 1 i Voo !
! 4 + 4 $ 4 $ $omant !
12.2 ' Comnect required interfaces to ! 20.0000; 20.0000i-0- i-0- 1-0- 1 -0 i
jrmmmme——s irack i + + t + o '
H . H : ' ' i b '
PN ! 450.000) 200.000! 0.00000i 0.00000} 0.00000} | |
H ! ! H ! ] Y HE !
] # + 4 + 4 + pamemt !
12.3 ! Verify all connections and check | 30.0000) 30.0000i 0.00000: 0.00000{-0- I I i
jrmmommmena- ifor leaks. i + + -+ t + i
1 ] 1 ] 1 1 t i i 1
1 ] t ] ] i ] ) 1 i
H NO H ! 480.000! 230.000} 0.00000; 0.00000 0.000001 i H
i ! ] i ! H : N |
! + 4 + + + + TR !
3.0 ! Review experisent for preparation! 10.0000{ 10.0000}-0- 1-0- i-0- ! -0} These steps will be |
jrmmmm——aa- tof run. ] ¢ + ¥ + +  lacosplished prior to eachi
H H 1 H ' 1 ] I tand every run. '
H YE H ! 490.000! 240.000, 0.00000: 0.00000; 0.00000} H
' H } H ' i : J
! + + + + t + $ !
i3.1.1 ! Review experimental procedures. | 10.0000i 10.0000i 0.00000 0.00000}-0- i -0 H
[} d i 4 ]
: ) | ) \
] ] [} ] 1
1 ! !
t 1
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Power ! Thersal !Data RateiVideo;

Functional Flow
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Carriers Hardware
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Acronys: AADSF
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'Facility:Ad. Autosated Directional Solidification
4

]

]

1Step Number
:_----------
! Used for

——— - e

-+

-+

i
]
t
[}
]
t
[}
}
i
'
]
H
[}
!
]
[}
!
s
[}
'
]
1
t
1
]
t
]
!
]
]

Peak heat rejection is

12500 W increasing froa

SEE 3.2.2
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Analysis of the Coamercial

Date:03/04/88 _Carriers Hardware Page:6- §
]

I -

iFacility:Ad. Automated Directional Solidification Acronya: AADSF

]

]

1Step Number| Step Description ! Step | Crew | Power | Thersal !Data Rate!Video! Coaments
Jommmmem e H {Tise(nin) iTine(sin)} (k¥) | (kW) | (kbps) iXey I!

{ Used for | H 4 + + 4 H H

i this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data! H

iCarrier Y/N! iTine(win) ! Tine(min} ! (kW Hrs.)! (ki Hrs) iDun.(kB) | i
::::::::::::*::::::::::::::::::::::::::::::::::::*:::::2:::f:::::::::*:::::::::*:::::::::f:::::::::f::::/:::::::::::::::::::::::::
14.2.1 i Disasseable furnace as required ! 120.000! 120.000] 0.35000! ©.35000!-0- 1 -0} SEE 3.2.2
jommmmm———— ito resove sodule, i + + + $ +

H H H H ! ! ! N

! YE ! ! 15651.0f 1019.00! 0.70000! 0.70000! 0.00000; |

! H H H ! ! i HE

: + + + + + + + +

14.2.2 i Move ampoules from heater module | 20.0000! 20.0000) 0.35000; 0.35000!-0- ! -0 1 SEE 3.2.2
jomm———————- 1to glovebox. ! + t + $ +

i i H ' H ! i L

! YE H i 15671.0f 1039.00: 0.11667) 0.11667¢ 0.00000! |

i H H ] H ! ] HE

] d Y 3 i s n < 3

! + ! + + ¢ + TR

14.2.3 I Turn-of f controller. i 1.00000/ 1.00000! 0.00000; 0.00000;-0~ 1 -0 1

R i ' + + + + +

: : : ) 1 [] ] ] :

1 t ] t ] ] ] ! 1]

! 3 H *1 15672.01 1040.00) 6.00000) 0.00000: 0.00000! H

4 i ! : : ' i HE

! + 3 } + $ + P—

15.0 i Remove asmpoule from furnace 1 10.0000} 10.0000; 0.00000¢ 0.00000; 6.00000} 0 | -0~

e isodule and translation devic. ! $-=s + + ¢ +

! H ! ! H H H HE

i NO H ! 15632.0f 1050.00! 0.00000) G.00000; 0.00000! !

] H ' ! H H H I

] Iy s i Y 4 4 Iy n

! + $ + + $ } Y

15.1 ! Package ampoules in shock ! 30.0000% 30.0000;-0- -0~ 1-0- i -0 1 These steps will be
jommmm————- iresistant containers for safe return) + + + ¢ +  ideleted from the 10C
i ito earth. H ! H H ! ! imission analysis.

! NO H i 15712.0f 1080.00! 0.00000; 0.00000; 0.00000! '

H H i d : H i I

! + $ + $ + + + +

16.0 { Run IOC level characterization. {-0- 1-0- i-0- i-0- 1-0- i -0 i These steps will be
R H H + + # + +  {perforsed during the IOC
H i : H ! ! 1 ! iperiod

! NO ! ! 15712.0/ 1080.00; ©.00000! 0.00000) 0.00000! H

H ' ! i ! ' ! Voo

] 4 3 Y 4 3 3 s 4

! 4 } } ! + + TR

16.1 ! Review and analyze product. 1-0- -0~ 1-0- -0~ 1-0- 1 -0}

Rty H ' $ + + + +

5 : P b

PN | 15712.0f 1060.00{ 0.00000! 0.00000! 0.00000! !

! ] H ! H H H o

] i + s 4 Fy Fl 3 4

! } ! 4 + 4 $ 4=t
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'Facility:Ad. Autosated Directional Solidification Acronys: AADSF

1

]

!Step Number| Step Description ' Step | Crew | Power | Thersal |Data RateiVideoi Comaents
e H 'Tise(nin)!Tine(nin)! (kW) | (kW) | {kbps) iXey li

! Used for H + t ¢ + ! i

i othis | 'Total Run!Tot. CrewiEnergy IniEner. QutiTot. Data: :

‘Carrier Y/N! 'Time(nin) iTine(nin) ! (kW Hrs.)! (kW Hrs) iDwn.(kB) | '
,':::::::2:::+::::::::::::::::::::::::::::::::::I:“:Z:::::::+:::::::::*:Z:::::::‘f:::::::::+:::::::::+::::/:::::::::::::::::::::::::
16.1.01 ' View and photograph boule throughi 10.0000: 10.0000} 0.00000; 0.00000;-0- V-0

e twall of aspoule. H + + t + +

i ! i ! ! H ! .

H NO ] ! 15722.0) 1090.00} 0.00000{ 0.00000: 6.00000; !

: : ! : ' ' ; .

] i s L 4 i i i

¥ ¥ g g 4 4 T T L4 T

16.1.02 ! Disassemble aspoule and resove | 30.0000i 30.0000! 0.20000) 0.20000i-0- ! -0+ 6Glovebox = 200 W
R iboule from aspoule. H + + + t +

i H ! H H H H N

h NO : ! 15752.0) 1120.00) 0.10000) 0.10000! 0.00000! |

H H d ! H i H I

! 4 } + $ + % P

16.1.03 ! Operate etching equipsent to etchi 30.0000: 30.0000! 0.20000) 0.20000i-0- ! -0 | 6lovebox = 200 ¥
|remmemmmeee lgrowth residue from product. i + + t + o

f ] H i i ! ' HE

H NO | b 15782.0! 1150.00! ©.10000) 0.10000; 0.00000} !

! ] i : ' ' ' HE

: + + t + + t $----4 ,

16.1.04 | View and photograph product. ! 10.0000f 10.0006} 0.20000! 0.20000i-0-  } -0 i SEE .13
[P ! ! + 4 4 4 -+

! i ; ! ! ' ! N

! NO H ! 15792.0% 1160.00% 0.03333! 0.03333) 0.00000! '

: ] : i H ! ! S

t 3 - 3 4 3 é 4 Y 4

: + ' + + 4 t pomnt :
16.1.05 ! Operate sass seasuresent device | 20.0000; 20.0000) 0.22000{ 0.22000i-0- ! -0 | GBlovebox = 200 W; Mass
e tand seasure mass of boule. ! + + + + +  imeasuresent = 20 W
1 ] 1 1 ] ! ] ] 1

] 1 1 i ] 1 ] 13 1

] NO 4 ' 15812.0! 1180.00% 0.07333! 0.07333: 0.00000: H

i H H ! ' : H P

] + + ¥ + + + fammmpmmen:

16.1.06 ! Operate disensional device to | 10.0000; 10.0000} 0.20000! 0.20000;-0- 1 -0 1 SEE 5.1.3
jrmm—————en- iseasure physical disensions of H $ + + + +

: iboule. 1 ! i i ! A

' NO 4 ! 15822.00 1190.00f 0.033331 0.03333 0.00000! 1

1 ; g H H J ! N

1 3 4 i ry 4 s i n

! 4 + + $ + ! O

16.1.07 ! Operate cutting unit to slice | 40.0000% 40.0000: 0.95000! 0.95000}-0- ' -0} 6lovebox = 200 W;
fomommmmee tsasple wafer fros boule. : + + \ + +  lCutting/Polishing = 750 W
1 I ] ] ] 1 ] t )

1 ] ! 1] ] ] ) 1 ]

H NO ! ! 15862.0% 1230.00% 0.533331 0.43333: 0.00000! ;

' | H H H : ' HE.

! + + $ + + + PO
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Functional Flow
Analysis of the Coasercial

Date:03/04/88 Carriers Hardware Page:6- 8
IFacility:Ad. Autosated Directional Selidification Acronys: AADSF
iStep Number| Step Description ! Step | Crew | Power | Thersal iData RateiVideoi Coaments

i Used for

'
this |
iCarrier Y/Ni

4

iTise(nin)

Tise(nin}!

(kW)

(k) 1t (kbps) 'Key 1!

H +

4
T

It
t

¢
+

Total RuniTot. CrewiEnergy IniEner. OutiTot. Datai
Tise(sin) !Tine(min} | (kW Hrs.)! (kW Hrs) iDwn.(kB) |

::::::::::: ::::::::::::::::::::::::::::::::::::4:::::::::f:::::::::+:::::::::+:::::::::+:::::::::f::::/:::::::::::::::::::::::::
6.2.1 ' vyiew wafer using x-ray systes | 180.000! 180.000} 1.50000{ 1.50000:-0- 1 -0 1 X-ray systes
----------- i (topography) . i + + + + +  {topography) = 1500 W
[} ] ] ] ] i t i
1 1 ] 1] ] ] ] ]
NO H ! 16272.0! 1640.00% 4.50000) 4.50000{ 0.00000; i
i ! | ' ' H HE
6.2.2 ! Operate Hall probe to analyze | 40.0000} 40. 0000: 0.50000! 0.50000)-0 { -0} Hall probe = 500 ¥
----------- iwafer H + + + + +
] 3 ] ] ] t 1 i
1 ] 1 ] 1 ] ] 1
NO H ! 16312.0! 1680.00) 0.33333) 0.33333: 0.00000} !
H H H 1 i H HE
6.2.3 ! oOperate electricalconductivity | 20.0000} 20.0000} 0.01500! 0.01500!-0- 1 -0 1 Electrical conductivity
----------- iprobe to alyze wafer. H 4 ¢ 1 + +  iprobe = ISHW
! ! 1 ! ] ] ] 1
1 ] 1 t i ! 1 t
NO H ! 16332.0¢ 1700.00! 0.00500! 0.00500! 0.00000: H
H H H H ' : HE
6.2.4 ! Operate FTIR to analyze wafer. | 40.0000{ 40.0000} 1. 500002 1.50000f 0.00000} 0 | -0-
mmmmmmmeaee] H + + + + +
| " \ | ) ) .
4 1 i 1] i ] I ]
NO : ! 16372.0¢ 1740.00; 1.00000{ 1.00000) 0.00000; i
e } H ! i H Voo
7.0 i Review data. 1-0- 1-0- i-0- 1-0- 1-0- { -0 ! These steps will be
----------- H H + + + + +  lperforsed for both the
H 4 H ! ] ! I 110C and Growth missions.
NO H ! 16372.06! 1746.00) 0.00000) 0.00000; 0.00000: j
H H H H : ' I
7.1 ! Secure and store products. {30, 0000: 30. 0000: 0. 20000: 0. 20000:-0- ! -0 ) G6lovebox = 200 W plus
........... ' ! + $ ¢ + + 131
? 5 ! : : ! o
NO H ! 16402.0) 1770.00) 0.10000; 0.10000; 0.00000 H
H H ! H i 1 Voo
7.2 ! Review post experiment data. 1-0- -0~ 1-0- 1-0- 1-6- 1 -0
----------- | ] + + + + + |
: : ] 4 ] i ] :
] ] t ] 1 ] 1 1
NO H ! 16402.0% 1770.00% 0.00000; 0.00000! 0.00000: !
1 ' ] 1 ] ] ] ]
1 1 ] ] t 1 1 ]

]
t
]
i
1
1
1
I
I
1
]
!
t
|
i
!
!
I
t
i
!
|
t
1
1
]
!
i
]
[
i
t
t
1
]
i
t
|
1
t
1
t
i
¥
1
1




Functional Flow
Analysis of the Comsercial

0.00000; 0. 00000
i

r

TOTALS Run Time iCrew TimelEng. In |Eng. Out | Data

16642.01 2010.00; 232.528} 233.178! 0.00000

Date:03/04/88 . Carriers Hardware Page:6- 9
:Facility:Ad. Automated Directional Solidification Acronys:AADSF

I

.Step Number | Step Description i Step | Crew | Power | Thersal |Data RateVideoi Comsents
e e : iTise(nin)iTine(nin)i (kW) | (kW) | (kbps) .Key 1

! Used for | ! + L 4 '

i this ) iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data. !

‘Carrier Y/N! 1Tise(nin)iTine(nin) | (kN Hrs.)| (kW Hrs) {Dwn.(k8) | '
,'::::::2::::4:::::::::2::::::::::::::::::::::::::4’:::::::::*}::2::::::f:::::::::*:::::::::*:::::::::4’::::/:::::::::::::::::::::::::
17.2.1 { Verify data as required. ! 30.0000{ 30.0000! 0.00000: 0.00000}-0- 101

jmmmmemmseee i g + + + + +

: : : ] i ] ] 1 :

] 1 ] 1 ] ] ) ] !

H NO H i 16432.01 1800.00; 0.00000; 0.00000; 9.00000; i

H ! H H H H H L

] 3 4 3 y s é i 'l

! + ¢ + + + $ -

17.2.2 i Verify correlation of i 30.0000¢ 30.0000! 0.00000: 0.00000}-0- i -0 |

jmmmm——————- iexperisental paraseters to results. | + + + + +

1 1 ] i ] 1 ' 1 i

i 1 ] ] 1 ] 1 ) ]

i NO } | 16462.0f 1830.00) 0.00000; 0.00000; 9.00000! ]

H H ' ! ! H ! N

! + + + + + + TR

17.2.3 i Review next run paraseters. i 60.0000{ 60.0000! 0.00000; 0.00000;-0- 1-0

joumommmome g ' + + + + +

: H H H H ' ! I

oM ! 16522.0/ 1890.00! 0.00000i 0.00000) 0.00000{ !

H i H H : H ! HE

1 Fy 4 4 Y ry é Iy 3

t T T h s h g T T T v

18.0 1 Clean equipsent. i-0- 1-0- i-0- 1-0- 1-6- 1 -0 1 These steps will be
jrmmmm————— H H + + ¢ + +  iperforsed at the end of
H ! H H H ! ' ! ithe 90 day mission or
) NO H ! 16522.0f 1890.00/ 0.00000: 0.00000! 0.00000; iwhen needed.

: H H H H 1 ! oo

] rs 'y Iy + i r é 4

! + $ } 4 4 T—

18.1 i Clean equipsent as needed. i 30.0000; 30.0000! 0.00000 0.00000;-0- i =01

jommmmmmmee- ' ' + + + + +

A A e

PN | 16552.0) 1920.00{ 0.00000{ 0.00000! 0.00000: |

: ! H ! ! H ' I

] é 4 d 3 4 + 4 $

8.2 i Secure equipsent as needed. { 90.0000! 96.0000: 0.00000! 0.00000;-0- -0

| I—— ' + + + 3 ]

T T ;

PN ) 16642.0) 2010.00} 0.00000} :

i H i H ! H i

! i d 3 4 4 4

. R T h 3 T T

] !

i 1

! '

—— e g me ome e e -



Coasents

"
>
>
"
"

P

0.00000} -0
0.00000; <0 :
0.00000¢ -0 1
0.00000; -0 !
0.00000
0.00000; -0 !

+

0.00000
0.000001
0.00000!
0.00000:
0.00000

0.00000;

+

Power | Thersal iData RateiVideo;

(k)
0.00000

0.00000;
0.00000;
0.00000:
0.00000;

Functional Flow

Analysis of the Cossercial
Carriers Hardware

'
1
i
+
]
1

Crew

Tise(min) ! Time(nin)
30.0000!

Acronya:CVT
10.0000}
160,000,
30.0000¢

1-g-
1-g-

+

30.0000:
10.0000:
160.000:
30.00001

Step

!Total Run!Tot. Crew!Energy In!Ener. OutiTot. Data:
'Tine(nin) ! Tise(nin) ! (kW Hrs.)! (kN Hrs) {Dwn.(kB) i

1-0-

1
1
1
'
1
i
1
1

1

]
'
[}

:::::::::::::::::::::::::::::+

Ground based operations.

Step Description
Transport facility from resupply | 120.000i 126.000! 0.00000;

Secure facility in place for

Verify proper connections and
---------=-Icheck for leaks.

Review experisent procedures.

Initial setup.
---------==]operation.

ilocation.

]
1
]
+
|
!
'
]
i
'
1
1
t
[}
3
[}
'
1
]
'
[}
[}
!
}
1
Y
1
1
i
'
]
t

this
iCarrier Y/N

NO

NO

NO

NO

NO

0
0
1
2
3
4

'Facility:Chemical Vapor Transport

(]

t

-e—ea------!gadule and inteface to carrier

Date:03/04/88

Step Nusber
| S,

| Used for

1.
:

:

1
.
:

i

E
2.
:

!

:

1
2
2

_0_

—— ——————

-+

1
£
i
1
t
1
1
t
4

0.00000: -0 i

1.00000! 0.06000i 0.06000

1.00000

t
t

Turn on CYT sain power switches.

]
b
1
]
!
i
'
L}
i
t
$

[}
'
]
1
1
i
t
1
[}
¥
i
t
[}
1
}
!
1
!
t
i
i
t
t
t

NO
NO

.9

2

i
t
3
1
!
[}
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Date:03/04/8
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Functional Flow
Analysis of the Coasercial
Carriers Hardware

Page:6- 11

:Facility:ChEIical Yapor Transport

Acronys:CVT

‘Step Nuaber} Step Description ! Step | Crew | Power ) Thermal !Data Rate)Video! Coaments
----------- ! iTine(min)iTime(nin)! (kW) | (kW) | (kbps) IKey 1!
i Used for | ! + + $ + ! !
i this i iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data! i
iCarrier Y/Ni 'Tise{min)!Time(sin) | (kN Hrs.)i (kN Hrs} iDwn.(k8) ! '
|::::::::::2+::::::::::::::::::::::::::::::::::::f::::::Z::+:::::=:::+:::::::::f::::::‘:::"’:::::::::f::::/:::::::::::::::::::::::::
12.6 i Turn on master i 1.00000{ 1.00000! 0.21000{ 0.21000{ 0.00000} -0 | -0-
jmmmm———— icontroller/sequencer, data recorder,! + + $ + +
! iand GRID. ! ] H i ! Y
i NO ! i 192.000/ 192.000! 0.00350; 0.00350! 0.00000! i
! ! ! ' ! ! H N
! + + + + + $ $umnt
12.7 i Run self test progras. i 1.00000{ 1.00006; 0.21000% 0.21000! 0.00000! -0 | -0-
| S 1 [} + It $ + $ | ]
A A S e e S |
H NO i i 193.000f 193.000! 0.00350/ 0.00350: 0.00000; ! i
H ' ! ! H H ] P !
! + + + $ $ + + + !
12.8 i Disengage launch locks on growth | 2.00000! 2.00000! 0.21000) 0.21000! 0.00000! -0 | -0-
jmmmm—————- icartridges and test to verify full | + + + + +
' ~ irange of motion. i ' ' i i P
i NO ] 1 195.000} 195.000! 0.00700; 0.00700: 0.00000! :
] i ! i H | S .
i 4 # + + + + et
13.1 i Insert film into bath cameras and! 3.00000; 3.00000{ 0.21000{ 0.21000} 0.00000! -0 | -0-
- iconnect to controller. ! 4 + + + +
! ! ! ! ! ! H I
H YE H ! 198.000/ 193.000! 0.01050; 0.01050! 0.00000! ..
. i H ! ! ! ' Y
] i e ry 4 s s Fs y
! 4 + } + } ¢ TS
13.2 ! Turn on heater controller and run} 8.00000! 8.00000! 0.21000} 0.21000) 0.00000! -0 ! -0-
|mmmm————- iself test progras. H + + + + +
i | ! ] ! H ! N
H YE H ! 206.000f 206.000! 0.02800; 0.02800} 0.00000! !
H ! ! H H ] H o
13.4 ! Verify cannister pressure at 1 | 1.00000{ 1.00000; 0. 21000: 0.21000{ 0.00000} -0 | -0-
fommmmmm———— ipsi. H + + + + + )
H ! H i i ! ' .
1 YE H | 207.000/ 207.000: 0.00350! 0.00350! 0.00000! 1
' H H H H H H .
! + + + + + $ $mmmnt
14.01 ! Run warm-up phase by activating | 30.0000; 2.00000! 0.69000! 0.21000! 0.20000! -0 | -0-
jrmmmm———=- ithe GRID. | + + + + +
! ] H i H HE
: | 237.000) 209.000! 0.34500{ 0.10500 360.000; !
3 [] ) t ) ] 1
] ] ¢ H t ] 1

- e ——




Page:6- 12

Cosments

o
"
"
"
"
"

———— e ——

1
1
}
!
!
[}
i
1
1
t
4
hd

[}
1
+
T

t
[}
1
'
i
i
'y

$.20000; -0
24.0000!
0.20000} -0 |
0.20000i -0
12.0000
0.20000; -0 !
12.0000!
0.20000 -0
0.20000; -0 !

! (kbps)

0.24000:
0.00300:
0.67000:
0.69000:
0.011501
0.69000;
0.01150!
0.70000:
0.70000;

(kW)

1
]

+

Power | Thersal |Data RateiVideo!
0.69000¢

0.02300!

{kw)
Energy IniEner. OutiTot. Data

0.69000;
0.69000
0.011501
0.43000
0.01150:
0.69000;
0.69000:

Carriers Hardware

Functional Flow
Analysis of the Comsercial

+

2.00000!

Crew
211.000}

Acronya:CVT

Tot. Crew
0.00000}
1.00000¢
212.000!
1.00000:
213.000%
0.00000!
30.0000;

$zz2z3sc

2.00000;
239.000:
28.0000;
1.00000!
268.000:
1.00006!
269.000:
30.0000:
30.0000:

Step
'Tise(nin)iTine(nin)!

Tise(nin) !Tise(nin) ! (kW Hrs.)! (kW Hrs) Dwn.(kB) i

Total Run

1
i
i
1
[
+
i
!
1
!
'
'
|

—— . - —— ———— - ——

Step Description
Verify proper tesperature rasp.

Heat up cospletion.

Verify proper core tesperature

Insert aspoules into the proper
------=----igrouth position.

Run initial growth step.

View crystals and verify

i
i
]
]
I
[}
1
t
!
i
4

YE

this
iCarrier Y/N

'Facility:Chesical Vapor Transport

Date:03/04/88
iStep Nusber!
! Used for

14.02

]
1

-0-

360.000
0.20000; -0 i

243.000) 0.34500) 0.35000;
0.69000} 0.70000:

15.00001

29.000!
15.0000;

Adjust ampoules as necessary to

--me-m-=---!obtain acceptable growth.

[}
¢
t
[}
t
H

-+

-+




Functional Flow
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Date:031ﬁ4/38 Carriers Hardware Page:6- 13
1

]

iFacility:Chesical Vapor Transport Acronye:CVT

]

¥

15tep Nusber| Step Description | Step | Crew ! Power | Thersal {Data RateiVideo| Cosments
jrmmmm—————— : iTise(nin) {Time(nin)! (kW) | (kW) | (kbps) IiKey I!

i Used for | H + 1 + + ! :

i this |} iTotal RuniTot. CrewiEnergy IniEner. Out)Tot. Data! '

iCarrier Y/N! {Tine(nin)iTime(nin){ (kW Hrs.)! (kW Hrs) !Dwn.(kB) ! :
::::::::::::‘f::::::::::::::::::::2::2::::::::::::"':::::::::*::Z::::::f:::::::Z:f:::::::::‘f:::::::::f::::/:::::::::::::::::::::::::
14.09 i Assesble camera mounts and i 15.0000; 15.0000i 0.69000! 0.70000! 0.20000) N3 | -0-

jemmm——————- lactivate caseras once growth is H + + t + L

H 1acceptable H H H H ' H |

' YE H i 359.0001 273.000{ 0.17250) 0.17500: 180.000! H

i H ! H i H H HE

! i i 4 i 4 L 4 3

! $ 4 + + } oment

14.10 i Run growth sequence and verify | 3284.00) ¢0.0000! 0.69000; 0.73000{ 0.20000} -0 | -0-

jommmm————- iproper growth quality and change | + + + + +

' ifila in cameras as needed. i H H H i H '

' YE H | 3643.001 333.000! 37.7660) 39.9553! 39408.0! !

g H ! H H i i I

! -4 ¢ + + + + ----4

4.1 1 Run furnace cool-down sequence. | 79.0000! 0.00000! 0.21000; 0.21000! 0.20000} -0 ! -0-

jrosmmammem- : i + + + + +

? 5 bbb

boYe | 3722.00 333.000) 0.27650; 0.27650! 948.000; !

' H { H H ! H I

] Fe 'y é ry Y 4 s 4

! $ $ $ 4 } # TR

14.12 ! Resove and stow camera sequence. ! 15.0000) 15.0000! 0.21000! 0.21000!-0- i-01 -0-

jommommemae- H ' + + + + +

N T

PO : . i 3737.00i 348.000) 0.05250{ 0.05250; 0.00000; |

H H ! H H ' i I

t ry 3 Fy s 1 4 4 4

] T A * 1 4 L4 T T

15.1 ! Resove anspoules to landing 1 2.00000{ 2.00000{ 0.21000) 0.21000;-0- ! -0 | Hardware should be
R iposition. ! + + + + +  imodified for sasple
H H i H ' H ! ! Ichange out.

H NO ! i 3739.00! 350.000; 0.00700; 0.007060! 0.00000; i

H ' ! H ! ! H .

15.2 i Turn-off master power switch. | 1.00000] 1. 00000: 0.00000! 0.00000{-0~ i -0 | Hardware should be
e H ! $ + + + +  isodified for sample
i 4 ! H ! H ' ! ichange out.

H NO H | 3740.00! 351.000! 0.00000) 0.00000: 0.00000; 4

g H ! H H H ] .

i + + + ¢ + + $=--nt

15.2 i Turn-off master i 2.00000 2.00000; 0.00000! 0.21000}-0- { -0 | Hardware should be
jrmmmmmeee- icontroller/sequencer, data recorder,! # + t t +  lsodified for sample
' theater controller, anad GRID. ! H e 1 H : ichange out.
bk | 3742.00i 355.000; 0.00000{ 0.00700{ 0.00000; |

! ' i | H i H .

! 3 $ 4 3 4 4 'y 4

] T T T T hd T+ h g

! TOTALS  {Run Time iCrew Tisme{Eng. In (Eng. Out | Data |

H t3742.00F 353.0000 39.9070) 41.3540: 0.00000!



t
1
]
1
i
1
1
1
i
t
1
H
1
1
1
1
t
1
|
1
I
1
[}
1

Page:6- 14

Coaments
OBSERVE FUNDAMENTAL

{SAFETY PROCEDURES
OBSERVE FUNDAMENTAL

ISAFETY PROCEDURES

-0_
_0-
_0-

[}
]
i
i
]
1

e —— =

1
t
+$
T
4
T
L}

0.00000:
0.00000: N
0.00000; N
0.00000
0.00000! N
0.00000
0.00000; N
0.00000

! (kbps)
i-0-

{kw)
0.00000!
0.00000!
0.00000!
0.00000!
0.00000!
0.00000!
0.00000!

(kN Hrs) iDun.(kB)
0.00000;

$zzozczosszészzoszoosdIoes

1-g-

1-g-

1
i
T
t
[}

Power | Thersal Data RateiVideo:

(k¥)
0.00000:
0.00000:
0.00000
0.00000;
0.00000;
0.025001
0.00000:
0.00000i

Carriers Hardware
{kW Hrs.)

Functional Flow
Analysis of the Cossercial

1
1
*
t
1

Acronys:DHOS
Crew
0.00000}
30.00004
30.00001
66.0006;
30.00004
5.00000:
10.0000}
105.000}

1-g-

1
L}
T

Total Run!Tot. Crew!Energy In!Ener. OutiTot. Datal

0.00000:
30.0000;
30.0000:
60.0000;
30.0000
5.000001
10.0000
105.000

Step
iTise(ain) i Tise(sin}i

Tise{ain) ! Tine(ain)

$zzzzz3zzcd

1-g-

Step Description
RUN MASTER CONTROLLER SYSTEM AND | 5.00000i 5.00000! 0.07000) 0.07000: 0.00000; N

PREPARE FOR EXPERIMENT RUN REVIEW:

INSERT THE EAC INTO THE MID-DECK |
-=-===---==1START UP PROCEDURES

INTERFACE EQUIPHENT IN MID-DECK
<------==--1LOCKER

REVIEW EXPERINENT PROCEDURES
------===--{LOCKER

INSTALL UNIQUE EQUIPMENT IN

GROUND ACTIVITIES
~emmmeo-==FACILITY

1
L}
1
[}
1
1
1
t
i
i
t
t
1
t

]
t
A d
]
1
[}
!
t
]
[}
T
b
'

Used for
this
Carrier Y/N
NO
NO
NO
NO
NO

.0

2
.1
.2
3

IFacility:DIFFUSIVE MIXING OF ORGANIC SOLUTIONS

1
!
]
t

Date:03/04/88

Step Nuaber
| I,

i
1
':
i
[}
!
il
1
t
'
I
1
)
|
t
i2
1
i
)
I
1
1
;
2
2
2.
3.0
]
]
I |-
1
)

1
1
[}
!
]
[}
1
]
1
1
]
1
i
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1
¥
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¢
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Functional Flow
Analysis of the Coasercial

.Date:03/04/88 Carriers Hardware Page:6--15
1]

1

iFacility:DIFFUSIVE MIXING OF ORGANIC SOLUTIONS Acronyn:DHOS

i

t

iStep Nuaber! Step Description ! Step Crew | Power | Thersal iData RateiVideo! Cosaents

fTile(lin);TiIE(lin)f

frmmmeene ' (kW) | (kW) ! (kbps) IKey 1)

i Used for 1| i + t + + H H

1 this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data| :
iCarrier Y/N! iTine(nin) i Time(nin) i (kW Hrs.)} (kW Hrs) {Dwn.(kB) ! '
:::::::Z::::*::::::::::::::::::::::::::::::::::::4:::::::::*:::::::::f:::::::::f:::::::::+:::::::::f::::/:::::::::::::!:::::::::::
14.0 ! RUN EXPERIMENTAL PROCESS RUN i 2.00000f{ 2.00000{ 0.07000! 0.07000) 0.00000) N | -0-
e { INTEGRITY TEST PROGRAN H + + + ¢ + H

] ] ] ] 1 ] t ] ]

t H | 1 ] 1 ] H i
P ! 112.000! 112.000! 0.00233! 0.00233} 0.00000; !

H H H H | H ' .

] 4 ry 4 ry 34 4 3 4

l Ls T L4 T T T T v
.1 | INPUT PROCESSING PARAMETERS | 5.00000! 5.00000! 0.07000! 0.07000! 0.50000! N | -0-
e ] ' # + + + o
A A e s

b | 117.000! 117.000) 0.00583! 0.00563! 150.000! !

H ' H H 1 ] H .

' + + + t ¢ + $o=met

14.2 | RUN HEAT UP PHASE | 15.0000! 15.0000/ 0.10000; 0.03000! 0.50000! N ! -0-
j-mom=mm=m) ! + + + + +

; H ; H ! H ' Voo

b | 132.000{ 132.000! 0.025007 0.00750! 450.000! |

! H : H H H ] HE

! 4 ¢ + + + 4 fo-mnt

14.3 i RUN FACILITY TO HEAT UP TO DESIRE! 40.0000! 40.0000! 0.10000! 0.03000! 0.50000! N '@ -0-
jmmmmme————- i TEHPERATURE i + + + + too

1] 1 ] ] ] 1 ] ]

t L} ] . ] 1] ] ] ] 1
POYE H i 172.000/ 172.000} 0.06667: 0.02000! 1200.00! H

' H ! H H ' i Voo

! + $ } + + + + +

14.4 1 RUN FACILITY TO MAINTAIN SET i 10080.0}-0- { 0.10000) 0.03006; 0.50000; N ! MIXING OF THE ORGANIC
jmmmmm—————— JTEMPERATURE UNTIL PROCESS IS H + $ + + + 1SOLUTIONS TAKE PLACE
] {COMPLETE ! H H H ' .
PO | 10252.00 172.000! 16.8000! 5.04000! 302400.: |

] H 1 H H i H .

14.5 i END PROCESS RUN, ALLOW SYSTEM 70 | 60.0000}-0- i 0.07000% 0.23000{ 0.50000, N | -0-
jmmmmmm———- 1C00L i + + + + o

) 1 1 ] ) t ] ! !

1 ] 1 1 ] ] ) ] ]

! YE H i 10312.0f 172.000! 0.07000! 0.23000! 1800.00! '

1] ] ] 1] ] ] 1] ] i

t ! 1] 1 1 ] i ] 1
4.6 i REMOVE EAC FROM MIDDECX LOCKER | 30.0000! 30.0000! 0.00000! 0.00000! 0.00000} N | -0-
L ! 5 ! ! :' :' P

' YE H i 10342.01 202.000! 0.00000; 0.00000: 0.00000! H

] ] ) 1] [ ] ] ! '

! i L ] ] ] ) ] ]

] $ 3 d $ 4 3 i




Functional Flow
Analysis of the Comsercial

10372.6! 232.008! 16.9777) 5.311501 0.00000i

Date:03/04/88 : Carriers Hardware Page:6- 16

I 1
t i
IFacility:DIFFUSIVE MIXING OF ORGANIC SOLUTIONS Acronya:DHOS ?
1 t
] ]
iStep Nuaber: Step Description ! Step | Crew | Power | Thersal iData RatelVideo! Coaments |
R ' 'Tise(sin)iTine(ain}} (kW) | (kW) | (kbps) iKey Li d
! Used for | ! + 4 + + H i :
! this 'Total Run!Tot. Crew!Energy IniEner. OutiTot. Datai !

‘Carrier Y/NI iTime{ain) | Tise(ain) ! (kN Hrs.) i (kN Hrs) !Dwn.(kB) | ' !
::::::::::::+::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::+:::::::::+:::::::::+:::::::::+::::/:::::::::::::::::::::::::{
4.7 ! STORE EAC FOR RETURN TO THE ! 30.0000: 30.0000{ 0.00000 0.00000! ©0.00000! N | -0-

j=mmmmmmmes 1GROUND i + + + + o |
] ] t 1 1 ] ] 1 ¥ ]
1 ] 1 ) [} 1 ] ] 1 i
| YE | ' 10372.00 232.000) 0.00000; O £0000; 0.00000; 4

! ] H i i ' H i i '
! 4 + 4 $ 4 + $ommmt !
; TOTALS  'Run Time !Crew TisejEng. In iEng. Out ¢ Data 1 i
1 1 1
] 1 t




Date:03/04/88

Functional Flow
Analysis of the Comsercial
Carriers Hardware

Page:6- 17

iFacility:Electroeptiaxial Crystal Growth
]

Acronya:ECE

]
iStep Nusber
]

H Step Description

Step |

Crew |

iTise(min) Tine(nin)! (kW) ;

Power

Thernmal iData RateiVideo!

Cosments

e ! (kW) ! (kbps) iKey 1)

i Used for | : + + + t i ]

i this |} iTotal RuniTot. Crew!Energy IniEner. Out!Tot. Data! '
iCarrier Y/N! 1Time(nin) iTime(nin) ! (kW Hrs.)i (k¥ Hrs) !Dwn.(kB) ! '
::::::::::::é::::::::::::::::::::::::::::::::::--4:::::::::-}:::::::::f:::::::::f:::::::::f:::::::::f::::/:::::::::::::::::::::::::
11.0 i Ground based activities. 1-0- 1-0- i 0.000060! 0.00000) 0.00000} 0 ! -0-
jmmmsemmme ' ' + + $ + +

E :' R

N ] ! 1 0.00000{ 0.00000; 0.00000! 0.00000; 0.00000! !

' H i H H i H .

1 e 4 d s n 'y FY n

! $ $ } i " } T

12.0 I Initial Setup -0~ -0~ 1 0.00000/ 0.00000! 0.00000} -0 ) -0-
e H ' + + + + +

E ! ; i H H ! ! ;
PN ! 0.00000! 0.00000; 0.00000{ 0.00000! 0.00000; !

] H H H H } i I

! 4 $ + + $ + $mmnt

12.1 i Transport Facility fros resupply | 120.000! 120.000 0.00000! 0.00000! 0.00000! -0 ! -0-
jmmmm——————- imodule and interface to carrier ] + t + + + |

' ilocation. H H H i ' HE
N H i 120.000} 120.000! 0.00000;, 0.00000! 0.00000: !

' | H H H H ' P

! + ¢ + + + + $oennt

12.2 i Secure Facility in place for i 30.0000; 30.0000! 0.00000: 0.00000! 0.00000! -0 ! -0-
fremmmm————- ioperation. i + + + + ¢

i H ' ! 4 H ! Voo
PN ! 150.000: 150.000! 0.00000; 0.00000! 0.00000} !

' i i H i i ! P

! $ + $ + + + R

12.3 i Verify proper connections and | 10.0000! 10.0000! 0.06006! 0.00000! 0.00000' -0 i -0-
[o-=mmmm——-- icheck for leaks H + $ + + +

H H H H : i i N
TN i i 160.000{ 160.000! 0.00000; 0.00000; 0.00000! !

! H 1 ! ! H ] HE

12.4 i Review experisent procedures. | 20.0000! 20.0000! 0.00000! 0.00006! 0.00000! -0 ! -0-
jommmmm———-- H ] + + + + +

? .: P ! : : P
PN ! 180.000; 180.000} 0.00000 0.00000! 0.00000; !

] ' i H H ' i P

] é 4 4 3 4 é Y 4

! + $ + } + + poemnit

i3.1 i Insert growth chasber and i 35.0000f 35.0000{ 0.00000{ 0.00000) 0.00000! -0 ! -0-
j=mmememme—- iinterface power leads, purge lines, ! + ¢ + + +

i iand data leads. ! H H i | HE

! YE ! i 215.000; 215.000; 0.00000; 0.00000! ©.00000! H

i H : H ! H ! P

| 3 n Y 3 4 3 3 i

| v T h g T hs L T T




Functional Flow
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Date:03/04/88 Carriers Hardware Page:5- 18

] -1
[ ]
'Facility:Electroeptiaxial Crystal Growth Acronya:ECG i
] ]
1 1
'Step Nuaber| Step Description ! Step | Crew | Power | Thersal iData Rate!Videoi Coagents '
e ! 'Tise(nin)!Tise(nin)! (ki) | (kW) | (kbps) iXey li H
! Used for i H + + + + ! ' ]
! this | 'Total RuniTot. CrewiEnergy IniEner. OutiTot. Datai '

\Carrier Y/Mi Tine{nin) ! Tise(nin) ! (kW Hrs.)!(kn Hrs) {Dun.(kB) i ' !
::::::::::::4’::::::::::::::::::::::::::::::::::::+:::::::::f:::::::::+:=:::::::+:::::::::‘I’:::::::::+::::/::::::::::::::::::::::::::
13.2 ! Saecure the growth chamber in ! 15.0000¢ 15.0000} 0.00000} 0.00000) 0.00000} -0 ; -O-

f=mmmememaen iplace } ' + + ¢ b i
i : : H ' g i i i '
] YE !  230.000) 230.000{ 0.60000! 0.00000: 0.00000: H i
H i i H : : : N i
1 Fy i 3 It 3 R i L 1
! $ 4 4 + t } $oent !
13.3 ' Turn on ECG mainpower switch. ! 9.00000! 2.00006! 0.02000{ 0.02000: 2.00000} -0 | -0-

Ve m e 1 ' $ + + + 4 H !
i E i : : : : L E
Ve | ' 232.000! 232.000{ 0.00067! 0.00067: 240.0001 :

' : H H : H H I i
! + + + + $ $ + + H
13.4 ' Turn on processor controller, ! 2.00000) 2.00000! 0.12000! 0.12000i 2.00000) -0 1 -0-

e ipower conditioner, heater controller! + t + t + i
' ‘and data recorder. H { ! H i . g
H YE H ' 234.000! 234.000f 0.00400} O 00400, 240.000; d g
1 ' H i ' i i HE !
! + % + $ } ¥ -t !
13.5 ! Run systes integrity test. ' 5.00000! 1.00000{ 0.12000; 0.12000; 2.00000; -0 i -0-

lemmecmameen ! ! ! + ! + + ! !
; ; ; ] : 1 ! A ; i
H YE H ! 239.000! 235.000) 0.01000! 0.01000) 600.000; H H
' H : : H H ! : ' i
! 4 4 + + + + $omet !
13.6 ! Turn on the hydrogen pruge valve | 35 00000! 5.00000! 0.12000¢ 0.12000/ 2.00000i -0 ; -0-

Jammmmmeaee- tand check systes for leaks. H + + + + + '
' ! H i : H i N i
' YE ! ' 244.000; 240.000% 0.01000 0.01000! 400.000; H !
; i ' H ] H | P '
! $ + + 4 % ¢ TORR !
4.1 ! Run the pre-prograssed growth | 10800.0; 180.006! 4.00000! 4.00000! 2.00000} -0 : shorter run times can |
jommm———me- 'sequence for one module. H + + + + +  Ibe used to produce '
: : | i ! H | i ismaller crystals. '
d YE H ! 11044.0! 420.000f 720.000: 720.000% .12960E7: i '
] i H ! 4 H i ! i !
1 $ i é 4 4 s < 4 !
! $ } $ 4 4 $ $-===t

14.2 ' Turn off hydrogen purge valve. | 2.00000i 2.00000) 0.12000/ 0.12000{ 2.00000{ -0 : -0-

[ ! ! + t + + + :
1 i ' 1 i i i . i
H YE H ! 11046.0) 422.000! 0.00400! 0.00400¢ 240.000! H H
i : 1 H H H J N i
! : + 4 + $ $ TR !




Functional Flow
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Date:03/04/88 Carriers Hardware Page:6- 19
H

'Facility:Electroeptiaxial Crystal Growth Acronyn:£CG

)

H

iStep Husber! Step Description ! Step | Crew | Power | Thersal Data RateiVideoi Comaents
jrmmmmmeaaan ; ITise(sin)!Tine(nin)! (kW) | (kW) | (kbps) ikey Li

! Used for | ' + + + + ! H

! this & !Total RuniTot. Crew|Energy InlEner. OutiTot. Datai H
\Carrier Y/N! Tise(nin)iTime(nin) ! (kW Hrs.)! (kW Hrs) iDwn.(kB) ! !
::::::::::::f:::::::::::::2::::::::::::::::::::::‘l‘:::::::::+::::::::2+:::::::::*:::::::::f:::::::::'}::Z:/:::::::::::::::::::::::::
14.3 ! Turn off controller, power ' 2.00000! 2.00000! 0.02000) 0.02000{ 0.50000{ -0 i -0-
jmmm———————- ‘conditioner, and data recorder. H + + + + +

] ] ] ] 1 [] ] [} ]

] i ] t [ H 1) 1 ]

: YE H ! 11048.0! 424.000) 0.00067! 0.00067; 60.0000! ]

i i H i H ! H b

] é ry i + i i 3 4

! $ $ $ + + + pommnt

14.4 ! Turn off sain power switch. ! 1.00060! 1.00000} 0.00000} 0.00000 0.00000! -0 : -0-
frmmmmmeneee i : + + + + +

! H ' ' : : H N
boYe ! 11049.0! 425.000! 0.00000; 0.00000! 0.00000i |

H H H ' : H H .

! + + + ¢ + + $omnt

15.1 ! Verify growth sodules at asbient | 2.00000! 2.00000} 0.00000! 0.00000: O 00000} -0 | -0-
jrmm————— i tesperature. : t t + $ +

! : ! H g | ! N

H NO 4 ! 11051.0! 427.000! 0.00000} 0.00000{ 0.00000; H

H ' i ' H H ' i ]

! 4 $ $ + + + et

15.2 ! Remove processed sasples and load! 35.0000! 35.0000{ 0.00000 0.00000! 0.00000} -0 | -0-
fmmmm e inew growth sodule. H + + + + +

| i H i H ' ! Y

H NO ! ! 11086.0! 462.000) 0.00000{ 0.00000{ ©.00000; !

H H H ' ] H ' .

1 s 4 i 3 s 4 d 4

! + ¢ + 4 + + O

15.3 ! Insert growth modules into ! 10.0000! 10.0000! 0.00000} 0.00000} 0.00000} -G i -0-
i 'shipping containers and stou. H + + + +

t ] ! ] 1 ) ] ] ]

i ] ¥ ¥ 1 ) ] ] ]

H NO H ! 11096.0! 472.000) 6.00000! 0.00000¢ ©.00000; H

i ] i ' ' i : .

: + + + + + + + +

: T0TALS  !Run Time Crew TiselEng. In iEng. Out | Data |

i ! 11096.0% 472.000% 720.02%) 720.029) ©.00000;



Coaments

-0..

0.00000; -0
0.00000;

0.00000;
0.000001

L4

Power | Thersal iData RateiVideo!

. Functional Flow
Analysis of the Cossercial
0.00000{

0.00000!

3
1
+
4
]
!

Carriers Hardware
Acronya:EML
Crew
1-0-
0.00000!

0.00000:

Step

1Time(nin) iTine(nin) ! (kN Hrs.) i (kW Hrs) iDwn.(kB) |

iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Datai
$2zzzzzszzdszozois

ITime(sin) !Tise(nin}}

1-0-

]
H
]
!

Ground based activities.

Step Description

$z222

t
1
t
!
]
1
t
t
!
[}
t
'y

this
iCarrier Y/N

Date:03/04/88
| Used for

'Facility:Electromagnetic Levitator

]
1
IStep Nusber!

1.0

-0-

———— e - ——

0.00000; -0

0.00000:

I-0-

1-0-

Initial setup.

(=]
o~

6.00000:
0.00000! 0.00000; 0.00000!

0.00000;

0.00000:

— e - ——

]
'
H

|

1
t

|

!
4

- 0 o

Transport facility from resupply | 120.006! 120.000! 0.00000{ 0.00000: 0.00000; -0 i -0-

-----———---!godule and interface to carrier

—_
N
o~

-0_
-0-

P e

0.00000;
0.00000; -0
0.00000; -0 !
0.00000

-+

0.00000:
0.00000;
0.00000;
0.00000;

-

0.00000!
0.00000¢
0.000001
0.00000;

120.000!
30.600001
16.0000;
160.000;

120.0001
30.0000;
16.0000;
160.000!

—————— -

verify proper connections and

Secure facility in place for
===e-----==Icheck for leaks

ilocation.
-----==-==-loperation.

—— - ——

NO
]
]
N
!
1

———— -

_0-

—— e —— ——

0.00006: -0
0.00000; -0 ;
0.00000

0.00000:
0.06000:
0.00200;

0.00000:
0.06000;
0.00200;

30.0000!
2.000001
192.000;

30.0000;
2.00000;
192.000;

1
1
]
)

Review experisent procedures.
Trun on saster power switch.

!
1
]
1
]
!
1
1
!
i
It
1
1

—— - —— ]
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)
‘Facility:Electromagnetic Levitator Acronys:ENL
!
1
i1Step Nuaber! Step Description ! Step | Crew ! Power | Thersal !Data Rate!Video! Cosments
]

(kbps) iKey 1

' ! Tise(nin)iTise(nin)! (k¥) | (kW) |

| Used for | H + + + + H H

i this | iTotal RuniTot. CrewiEnergy IniEner. Out)Tot. Data) H
iCarrier Y/N| ITise(min) ! Time(sin) | (kW Hrs.)|(kW Hrs) !Dun.(kB) ! '
::::::::::::f::::::::::::::::::::::::::::::2:::::4:::::::::*:::::::::+:::Z:::::+:::::::::f:::::::::f::::/:::::::::::::::::::::::::
12.6 i Trun on data recorder. { 2.00000{ 2.00000! 6.07000! 0.67000{ 0.00000; -0 { -0-
[ E— ! ! + + + + t

' H ! ! H H i .

i NO H i 194.000{ 194.000} 0.00233} 0.00233: 0.00000! !

H H H H H i H I

! + 4 4 + + $ PR

12.7 i Run systes integrity test. ! 5.00000; 2.00000! 0.07000! 0.07000: 0.00000} -0 ; -0-
mmmmmmmaaae ' ! + + + ¢ t

L | X X | | | -

1] ] ] ] t t ] ' ]

i NO H 1 199.000] 196.000i 0.00583) 0.00583) 0.00000; H

H ! ' H H d H I

] i y 3 d $ Iy 4 <

! $ + + + $ + e

4.1 i Run programssed process for first | 500.000; 66.0000; 1.20000/ 1.20000; 0.20000} -0 | -0-
jmmmmm———- isasple ' + + + + b

1 t ] 1] ] 1] ] I ]

] i ] ] ] ] ] ! i

H YE H 1 699.000} 256.000) 10.6000: 10.0006; 4000.00; H

' H : H H ! H I

' 3+ 'y 3 d 4 3 Y Fy

! } _ ¢ } + + $ TR

4.2 ! Repeat run for five additional | 2700.00! 60.0000 1.20000) 1.20000; 0.20000} -0 | -0-
jommm————— isasples. ’ ! + t + $ +

H H ! ' H B 1 P

H YE H 1 3399.004 316.000% S54.0000) 54.0000; 32400.0! H

H H ' H 1 H i .

! + 4 + + + + P --
15.1 i Turn offf master power switch. i 2.00000{" 2.00000! 0.00000; 0.00000; 0.00000} -0 | -0-
fomsomnaaae ! ! + + + + + !

E : 5 ! : : : P

H N0 H i 3401.00% 318.000/ 0.00000! 0.00000; 0.00000; '

i H H H H i i I

! + + + + + + 4=t -—--
! TOTALS ~ {Run Time iCrew TimelEng. In |Eng. Out } Data |

H ! 3401.00) 318.000; 64.0102% ¢4.0102! 0.00000!
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] t
1 I
'Facility:FLOAT ZOME CRYSTAL GRONTH FACILITY Acronym:FZCGF i
] !
1 ]
1Step Number| Step Description ! Step | Crew | Power i Thersal iData Rate!Video! Coaments :
s H 'Tise(nin) !Tise(nin)! (kW) | (kW) | (kbps) ikey Li {
i Used for | ' + t == + H J i
i this 'Total Run!Tot. Crew!Energy InlEner. OutiTot. Datai ! '
iCarrier Y/NI 'Tise(sin) ! Tine(min) ! (kN Hrs.)i(kn Hrs) iDwn.(kB) i |
::::::::::::":::::::::::::::::::::::::::::::::Z::{':::::::::’:::::::::*:::::::::f:::::::::‘I’:::::::Z:+::::/:::::=::::::::::::::::::::
1.0 ! Ground based activities. -0- 1-0- 1-0- i-0- -0~ ! NA | ACTIVITIES ARE i
jommmmmeeeee H ! + \ + + + IPERFORMED ON THE GROUND |
' H ! ] . i | . g
' NO i ! 0.00000! 0.00000! 0.00000; 0.00000 1 0.00000; H i
4 ! H H i ] ! I :
! + 4 + + $: 4 ORI !
12.0 ! REVIEW EXPERIMENT PROCEDURE ! 30.0000! 30.0000;-0- i-0- 1-0- P NA L -0-

[, 1 | + + 4 + + 1 !
5 5 E : ! : : P E
: NO H ! 30.0000] 30.0000; 0.00000} O. 00000} 0.00000! i H
i ! ' H H H H I i
! $ + + + # 4 TR -1
12.1 ! INSTALL FACILITY 1-0- 1-0- 1-0- 1-0- 1-0- ! NA | OBSERVE FUNDAMENTAL d
e ! H + + + + + - ISAFETY PROCEDURES IN THE |
! ! i ! : H ! H YINSTALLATION PROCESS H
' NO H ! 30.0000; 30.0000i 0.00000; 0.00000 ! 0.00000! i J
! ! H H i H H P i
! $ + + ¢ + $ + + !
12.1.1 ! INSTALL UNIQUE EQUIPMENT IN ! 30.0000! 30.0000;-0- 1-0- 1-0- ! NA | OBSERVE FUNDAMENTAL !
jemmmmmme- {FACILITY RACKS H + \ + + + ISAFETY PROCEDURES DURING i
: i i i : i H H 'THE INSTALLATION PROCESS |
PN ! 60.0000 60.0000} 0.00000; 0.00000: 0.00000i |
! ; | : H H i . i
! ; 4 4 4 4 4 PO

12.1.2 ! INTERFACE FACILITY RACK TO LAB | 30.0000) 30.0000}-0~ 1-0- 1-0- ! NA | OBSERVE FUNDAMENTAL :
jemmm - ! H + + t + + ISAFETY PROCEDURES DURING |
i H ; : i { H ! 'THE INSTALLATION PROCESS |
H NO H ' 90.0000! 90.0000} 0.00000; 0.00000: 0.00000 H i !
H ! i H H i i I i
! 4 + + + } $ PO -1
13.0 ! PREPARE FOR EXPERIMENTAL RUM ! 30.0000f 30.0000}-0- 1-0- i-0- ! NA | OBSERVE FUNDAMENTAL :
Jom——————- H J + + + + + 'SAFETY PROCEDURES DURING |
4 i { ! H H i i 'THE PREPARATION PHASE :
i \E ; ! 120.000! 120.000, 0.00008; 0.00000: 0.000001 i i
i i ] i H ! H N !
! } + + 4 + + I !
13.1 ! REVIEW PROCEDURES FOR BEGINNING | S.00000! 5.00000i-- -0~  i-0- i NA: -0

f=mmmmmmnnee {PROCESS OPERATION : + + + ¢ o !
i i i : H ] ! I i
PoYE ! 125.000! 125.000} 0.00000; 0.00000! 0.00000: ! :
H { i : i ' i . g
! 4 4 + ; + + fommnt !
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]

1]

{Facility:FLOAT 20NE CRYSTAL GROWTH FACILITY Acronym:F2CGF

i

]

iStep Nusber! Step Description i Step | Crew | Power | Thermal )Data Rate!Video! Coaments
jrmmmmm-- H iTise(min)iTime(min)! (kW) | (kW) | (kbps) ikey 1}

i Used for ! + + + + i

i this

! ¢ +
iTotal RuniTot. CrewiEnergy In
ITise(min) |Tine(nin} ! (kW Hrs.)!{k# Hrs) !Dun.(kB) !

iEner. OutiTot. Datai

s333323:2:zs2 ::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::f:::::::::{:::::::::*:::::::::4::::/:::::2:::::::::::::::::::
i3.1.2 POWER UP PROCESSOR FACILITY + 1.00000; 1.00000i 0.07006i 0.07000} 5.00000i N | -0-

R ' | + + + + to

: : : ] ] [} ] [} :

i I ! 1 1 i ] 1 b

I (3 i i 126.0007 126.000! 0.00117: 0.00117} 300.000% !

' i i ] ' i ' P

! + + + + + + s S

13.1.3 i RUN HASTER CONTROLLER SYSTEM TEST! 10.0000! 10.0000: 0.07000; 0.07000 5.00000: N | -0-

jmmmmmm————- i PROGRAM i t + t t oo

: : : : ! ! : b

i YE i i 136.000; 136.000: 0.01167) 0.01167i 3000.00; !

: : : : ! ! | b

! + + + + + + $--mmt

4.0 i BEGAN PROCESS RUN i=0- i-0- i 0.07000; 0.07000: 5.00000; -0 { -0-

jomm——————- i ] + + + + +

5 .: ? : : : : P

I | i i 136.000: 136.000i 0.00000i 0.00000: 0.00000i |

: ! : : : : : P

' + ¢ 4 + + + $=--ct

411 i INPUT PROCESSING PARAMETER i 10.00001 10.0000; 0.07000i 0.07000! 0.50000: N | PARAMETERS NECESSARY
jrmmmmmeae i ' i + + t + +  (FOR FACILITY OPERATION
! ! 1 ] ! [} [} ! !

' ! i 1 ! t ' i i

i YE i i 146.000] 146.000: 0.01167! 0.01167: 300.000; |

: : : : : : : b

1 4 4 $ $ +$ $ 4 4

' + + $ + + + $=-mnt

14.1.2 i INITIATE PROGRAMMED PROCESS RUN | 1.00000} 1.00000; 0.07000! 0.07000! 0.50000: N | -0-

jremmm—e—e—- i ' + + + + o

5 5 E : : : : P

PYE i i 147.0000 147.000{ 0.00117! 0.00117{ 30.0000) !

: : : : | : : b

t + 3 4 F + $ $ 4

! + + + + + + omant

14.1.3 i RUN SAMPLE PROCESSING AND i 700.000i 0.00000i 0.20000; 0.06000} 0.50000i N | OBSERVE FUNDAMENTAL
jmmmmem———- iCONTINUE UNTIL PROCESS COMPLETED | t t t + +  |SAFETY PROCEDURES DURING
i i ' ] i i i i 1THIS PHASE

N | i i 847.000; 147.000: 2.333331 0.70000i 21000.0} !

' g d i ' i : b

! $ 3 $ $ +4 $ 3 +

! + + + + + + pommnt

i4.1.4 i TURN-OFF HEATING SYSTEM AND ALLOW! 30.0000i 30.0000i 0.07000! 0.07000} 0.50000{ N ! -0-

jmmmm—————- iSYSTEM TO COOL i + + + + o

i g d i i i i P

PoYE g ¢ 877.000{ 177.000} 0.03500; 0.03500! 900.0007 |

' i i i i i g P

! 4 $ 4 3 4 4 $ 4

1 T T T T T T T T



Functional Flow
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T 1

! this 'Total Run!Tot. CrewlEnergy InjEner. OutiTot. Datai i
]

1

1Tise(ain) ! Time{nin) (ki Hrs.)! (kW Hrs) iDun.(k8) i

Date:03/04/88 Carriers Hardware Page:6- 24
] ]
1} ]
'Facility:FLOAT ZONE CRYSTAL GROWTH FACILITY Acronya:FICGF !
1 ]
t 3
iStep Nuaberi Step Description ! Step | Crew | Power | Thersal iData RateiVideo: Coaments '
jmmmmmmmmme- i 'Tise(ain)iTise(ain)! (kW) | (kW) | (kbps) iKey Li !
! Used for ' t + + + i | !
{
]
]
]
H

TOTALS Run Time !Crew TimelEng. In iEng. Out i Data

982.000) 217.000} 2.49900} 1.00567; 0.00000:

tzzzzzzzzsas #zzzz

14.1.5 CONPLETE PROCESS RUN ! 30.0000; 15.0000! 0.07000! 0.07000! 0.50000i N i -0-

| Y ' 4 + + ¢ + ! !
5 | ? : : ! ] Lo 5
vE i ! 907.000) 192.000) 0.03500i 0.03500; 500.000; ! i
: ! ! : ! : ! P :
] 4 $ 4 i 4 4 3 4 i
H + t + t + t + + h
14.1.6 i ALLOW MODULE TO COOL ! 40.0000! 10.0000! 0.07000; 0.21000} 0.00000i N : -0-

| . | t $ + + 4 + t !
E f ? : : : : L 5
PO ! 967.000) 202.000} 0.07000i 0.21000} 0.00000} | |
! ! : : : : : o :
! + 4 ¢ } $ + pummnt -!
15.0 ! INSERT EXPERINENT HODULE INTO | 15.0000i 15.0000: 0.00000! 0.00000 0.00000i N i -0-

e ISTOMAGE AREA FOR RETURN TO GROUND | t + t + + i
] ] 1 1 ] 1 ] [} ] t
1 ] H [} ! [} 1 ! t t
PN ! 982.000! 217.000! 0.00000) 0.00000! 0.00000: i D
: : ! ! ! : : o :
! + + t + + + $mmnt !
: : ' : :
! : ' :
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Cosments

i (kbps)
#2222z

(kW)

{-0-

+

Power | Thersal iData Rate!Video!
(ki)

Functional Flow
Analysis of the Cossercial

{-0-

1
i
+

Carriers Hardware
{Total RuniTot. CrewiEnergy IniEner. OutiTot. Datal

Acronym:FES
Crew

1-0-

Step
iTise(nin) i Tise(sin)}

'Tise(min) ! Tine(nin) (kW Hrs.}i{k¥ Hrs) {Dwn.(k8) |

$2zzzzzzzzdozsosss

Step Description
Ground based activities.

$zz:2z

this
iCarrier Y/N

{Facility:FLUID EXPERIMENT SYSTEM
Used for

- Date:03/04/88

iStep Nusber |
b2zzz2zzzzzz

!
1.0

] 1 [] ] 1 1
(—) L3 < L] [—4 [ —4
[ 1 1 . . [ 1
e m i M me e e e e e e e e e e e e e m M e e mm m mm d m e e e e e e - -
o (=] (4 o o
] 1 1 [ ' x
B e s e ma P e wm e e e e e e mm o e = ma e e e e e e e e e e e m— e m- A m— m— -
(=3 L —d [ =4 < [ 2 [=4 (=4
(=3 o b4 (=3 < =1 =4 o
=4 =3 =4 =4 o =4 =4 g
(=1 D D (=4 (=1 =3 o (=3
< o o (=2 L] =3 . =4
. . . =1 -
o ] [~} ] 1=} ) (=) [] (=] () (=] o~ o~
7 T T T ot
o - - - P Em— P - 'unl - b . P ——- '0' —- i —— - — .0' - - ——— ml —— e W e wew - lﬂl. &> - "\u ——
m =1 [~ (=3 = w =4 ~—t
(=1 [—4 =4 (=4 [~3 < -+ L]
o [ [=3 (=2 D (=3 o v
o (=] o (=2 (=] =] [ 1] o
Q 3 . " . Q .
[—3 [} (—] 1 o 1 [} t (=) ] o (=] [~}
® s + T s
A e mo we o mm o e e e e e e i e e e e e e e He e e e m e e e A e oo e o e e e ma e e
o 1 (=3 (=3 =4 (=2 4 (=3 ~m
< L= (=4 [—1 o =3 o [—4
=4 o [~ o (=2 (=3 -— -
< (=3 2 p= <2 =4 o~ (3
o [—=) (—] o (=] =1 —t o
. - > . . . .
o [} [} [ L] ] [ —) ] (—] [] 1 o o
? ? T ? N
A e mm e e o em e e A mm H mm me e mm  mm = e e mm o e e e A m— P e mm m - m— A e - -
b3 =4 [—3 =4 (=] =4 Q o [—4 =4 2 b=
b—4 (=3 [—3 L~ . [ —4 =4 (=] (=3 [ =4 =4 L —4 (=1
(=4 (=1 o =4 (=4 o [—3 (=1 (=1 o [—3 <
(=1 [ —3 3 > (=] : o . o : o
(—) o (=] (=1 . b4 . o 3 S (=] o™~
I . ~N o~ (=4 vy [ —) ~O [—4 o . o
(—J m o -— — ~ — — o4 ~”> - o~ —
]
P e e mra e e e e e m— e e P —— '0. —— e e —— e e e s e e e m - —— W e e - —— v mae T e
[~ o =3 (=1 (=3 [ [—4 =4 (= b==4
(=3 L—3 o (=1 o (=] [—] [—2 =1 =1 [—]
(=1 b4 3 g o > (=) (=} D
[ —) o (=1 = . < . 4 i3 4 [~} o
* . ~N o~ < wo [ ~G (-4 o . o
o _0 o — — ~” -t — - e — o~ —
'
- = M e = M = e e G o o - o e e e me M e M - e m. H ma m= ar o e M - e - e -
= a
. > X
. (= o0
= o= (-3 = —
e W <> ~L [¥Y¥) g
Li =t . (-3 e =
as o (7r] =1 > Ww
3 [¥F) x (=} =
X =t (=7 =3 (¥¥] .
o O g ol S bl
(-3 - [ gt o -
"uw 9 [ (%] o= = L
— vy a. =
>= x = -t O
— Ly ~— - b - Lt
— O (=3 x U Q-
- =T > [ X) (¥} <
- L b = o e
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— e = — Q. (YY) o3 W
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Sa u- e = - = @
-
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(=) -t Lt [0 e o= > [
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m £=—1 [ x (=}
~ =3 < -€
e e = e e m me = mm H me e e m e M e e e e e e e me e S e e e o e e o o e e e =
' ] 1 1) [] ] t
! [} 1] 1 (] ' ]
] ] ] [} ] t ]
1 1 1 [} (] t ]
] 1 1] 1 ] t ¥
] = (] < 1 p=—3 ' < ] f—4 t = i >
— -t
1 o o ) [~ | =" | o [=-2 |
] « 1 o 1 o PO | [ | T}
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i I
1 1
tFacility:FLUID EXPERIMENT SYSTEM Acronys:FES i
) ]
] 1
iStep Nuaber: Step Description ! Step | Crew | Power ! Thermal iData RateiVideo: Coasents :
e H Tise(sin)!Tine{nin)} (kW) | (kW) | (kbps) iKey Li H
! Used for | H + + + + H | !
1 this i Total RuniTot. Crew)Energy IniEner. OutiTot. Datai H i
iCarrier Y/Ni 'Tise(min) ! Time(min) | (k¥ Hrs.)! (kW Hrs) iDun.(k8) ! !
::::::::::::f::::::::::::::::::::::::::::::::::::*:::::::::'}:::::::::f:::::::::*:::::::::f:::::::::'F::::/:::'.'::::::::::::::::::::::
12.06 ! DISENGAGE LAUNCH LOCKS ! 10.0000} 10.0000;-0- 1-0- i-0- P-01 -0-
e ! ' + + + + + ! !
; 5 H ! ! ! H ; :
NO H ! 202.006! 202.000% 0.00000! 0.00000; 0.00000; H i
i i H H ] H HE |
2.07 ! TURN ON OPTICAL BENCH WARMUP ! 1.00000! 1.00000) 1.45700) 1.30500{ 20.0000 ! CONCURRENT WITH STEP |
........... ! ! + ¥ + + + 43
5 ? 5 | ! : : o :
H NO H ! 203.000! 203.000) 0.02428! 0.02175! 1200.00! H d
' H { i H i i . i
! + + + + + + R !
12.08 1 ADJUST OPTICAL COMPONENTS ! 45.0000) 45.0000{ 1.45700} 1.30500! 20.0000! | CONCURRENT WITH STEP !
lemmeememmm ' [ + + + + + 143 |
! i 3 ; : : : L :
i NO H ! 248.000! 248.000) 1.09275: 0.97375} 54000.0; H i
i H i ! : i ' HE !
H + + + + + + $ + H
12.09 ! REMOVE OPTICAL CALIBRATION CELL ! 5.00000% 5.00000f 1.45700; 1.30500} 20.0000: ! CONCURRENT WITH STEP |
R 'FROM STORAGE AND INSTALL ON OPTICAL ; + + + + + 14.3 '
! {BENCH ! H : i H H ! ]
H NO i ! 253.000! 253.000! 0.12142% 0.10875i 6000.00! ! )
' \ H ! H 1 i L '
! 4 4 $ 4 + 4 IR -
12.10 ! VERIFY THAT VACUUM HAS REACHED ! 1.00000! 1.00060: 1.457001 1.30500: 20.0000! ! CONCURRENT WITH STEP |
mememmenace IHOLOSRAPHIC CARTRIDGES ; + + + + + 3 :
t ] 1] ] 1 ] ] 1 ] !
] t i 1 ] t 1 ] 1] f
] NO H ! 254,000, 254.000) 0.02423! 0.02175! 1200.00: ! H
! H ! H i H H I '
! $ $ + 4 } ' et -
i2.11 ! TURN ON HALOGRAPHIC CALIBRATION | 10.0000! 10.0000! 1.48400} 1.48400} 20.0000i : -0~
}omnmmnane | SEQUENCE ! + + + + ¢ :
g H H H H ' i . ;
' NO H ! 264.000! 264.000) 0.24733: 0.24733% 12000.0! d ‘
' H ! H ! H H I '
! $ + ' + $ $ fment !
12.12 ! REMOVE CALIBRATION CELL FRON OB | 5.00000; 5.00000; 1.48400% 1.48400: 20.0000; !0
jmmmm——————- 1AND PLACE IN STORAGE ! t + + + + ] :
' i H H H ' H N H
? NO H ! 269.000 269.000) 0.12367) 0.12367% 6000.00; H |
i H : | ' 1 H R '
! + + 4 + + $ $omamt !
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t
iFacility:FLUID EXPERIMENT SYSTEM Acronym:FES
!
iStep Nuaber | Step Description ! Step | Crew | Power | Thermal iData RateiVideo: Coasents
e ! iTime(nin) iTine(min}? (kW) | (kW) | (kbps) IXey 1}
] 4 3 3 i ! !
h 4 T T v t

1
!
1]
1]
iCarrier Y/Ni
+
1

1
{Total RuniTot. CrewiEnergy In{Ener. OutiTot. Data)

Tine(nin) ! Tine(win) ! (ki Hrs.)! (kN Hrs) iDun.(kB) |

:::::::::::: :::::::::::::::Z::::::::::::::::3:::*:::::::::’::::ZZ:::f:::::::::f:::::::::f:::::::::+::::/::::::::::;::::Z:::::::::
3.1 i REMOVE THO HALOGRAPHIC FILM i 15.0000f 15.0000i 0.12100i 0.39400{ 20.0000; i CONCURREN WITH STEP 4.3
e {CARTRIDGES FROM STORAGE AND TRANSFER: + t + t +

i iTHEM TO THE FES i : i i g o

T | 204.000f 284.000f 0.03025! 0.09850 18000.0} !

! ! ! : : : : P

] + ¢ 4 $ + 4 +$ 4

§ L T T v LS T T T
13.2 | INSTALL HOLOGRAPHIC CARTRIDGES ! 5.00000} 5.0000! 0.12100{ 0.39400} 20.0000! -0 { -0-
| emmmmemeeee {INTO THE OPTICAL BENCH | : + + + b

! : : : P ! o
PO | 289.000 289.000) 0.01008! 0.03283! 6000.00{ |

: : ! : : : ! P

' $ 4 $ ry $ 4 4 4

H * Y 1 4 t - t g 14 14
13.3 | REMOVE TEST CELL FROM STORAGE | 7.00000! 7.00000} 0.12100! 0.39400 20.0000 -0 | -0-
jmmmmemensas H : + + + + +

! ! ! : ! : ! o
PO | 296.0000 296.000i 0.01412! 0.04597! 8400.00! !

! ! : : : : : P

[} $ $ 4 $ n 4 $ +

i T t t t t T t t
3.4 i INSTALL TEST CELL INTO THE i 3.00000; 3.00000} 0.12100; 0.39400! 20.0000i -0 : -0-
{-=---====-~IPREHEAT ENCLOSURE ! + : . + ¢

i : i i i i i oo

R {4 i | 299.000) 299.000i 0.00605, 0.01970; 3600.00f |

: ' . i i i s P

H $ + + + + + + +
13.4.0 i INSERT THE NEXT TEST CELL INTO 1 10.0000: 10.0000:-0- i-g- | 20.0000{ -0 | CONCURRENT WITH STEP
R 1THE PREHEAT EMCLOSURE i ¢ t + + + 1418
1 ! ! i i ! | t ]

1 1 i t ! ! t I 3
POYE | 309.000} 509.000, 0.00000} 0.00000{ 12000.0! !

! ! : ! : ! : P

] $ 4 $ $ $ + + $

H t * + t t t T +
13.5 | TURN ON VACUUN HAND VALVE | 1.00000) 1.00000{ 0.12100! 0.39400! 20.0000} -0 | -0-
jomm=mmmm=—- i d + + + + +

; ; ; i i i i i ;

I (3 i ¢ 310.000 310.000 0.00202; 0.00657: 1200.00i |

{ i i i i i i P

H + + + + + + + +
3.6 i TURN ON THE VACUUM RESERVOIR i 1.00000{ 1.00000{ 0.12100; 0.39400; 20.0000; -0 i -0-
jmmmmm===e- 1 ISOLATION VALVE i + + + + t

i i i i g i i Coo

S (3 : i 311.000{ 311.000: 0.00202; 0.00657} 1200.00; |

i g i i i ' i P

1 $ $ 4 4 4 4 4 3

1 2 4 4 + * * t t *

]
1
]
!
1
1
|
t
|
1

1
1
t
i
]
I
t
!
1
t
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1 N t
1 1
‘Facility:FLUID EXPERIMENT SYSTEM Acronya:FES H
1 1
] 1
iStep Number| Step Description ! Step | Crew | Power | Thersal IData RateiVideo: Coseents H
=mmmemmenn : \Tise(ain)!Tine(ain)! (kW) | (k) 1 (kbps) ikey Li i
i Used for | i + + + ¢ v ;
! oothis ITotal Run!Tot. CrewiEnergy InjEner. OutiTot. Data: ! i
iCarrier Y/N! 'Tine(nin) i Tine{nin) ! (k¥ Hrs.)! (kW Hrs) {Dun.(kB) | '
{:::::::'::::f::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::+:::::::::4:::::::::+:::::::::+::::/:::::::::::::::::::::::::}
14.01 ! TURN ON HEATERS IN THE PREHEAT | 3.00000: 3.00000! 0.66500! 0.39400) 20.0000; -0 | -0-

jmmmmmmmees 1ENCLOSURE i t + t + o '
: : : : : : : P |
i E H ! 314.000! 314.000) 0.03325) 0.01970{ 3600.001 i i
| | : : : : : P :
] 4 Y i 3 3 Ks i 4 ]
H $ 4 + + + + } + !
14.02 ! RUN PREHEAT CYCLE ! 120.000) 10.0000! 1.16900% 0.39400 20.0000f M3 { -0-

[P ' ! + 4 + + + ! H
; ; ; : H H H i ; i
i YE g ! 434.000! 324.000) 2.21800) 0.78800; 144000. ! ! '
: i | i i i H P i
! + + + + + + } + :
14.03 i RUN PREHEAT HOLD ! 150.000! 10.0000! 0.88400) 0.39400i 20.0006) -8 ¢ PROVIDES SUFFICIENT i
fammmmmmeen ! ! + + + + + 'TIME FOR OPTICAL BEMCH |
H ! H ' ! i ! : 1 WARMUP :
i YE i ! 584.000! 334.000; 2.21000} 0.98500i 180000.\ 1 |
: : : : : : : b :
} + + $ + + + $ $ !
14.04 ! TURN OFF PREHEAT HEATERS 1 1.00000} 1.00000! 1.30500) 1.30500f 20.0000; -0} -0-

jmmmmmmemm=- i d + + + t + '
| | R R P :
! YE ' ! 585.000) 335.000) 0.02175) 0.02175: 1200.00) i 1
: : : : : : : P :
! + + $ 4 + + + + !
14.05 ! REMOVE TEST CELL FROM PREHEAT ! 10.6000! 10.0000¢ 1.30500) 1.30500) 20.0000: -0 ! SHOULD BE AUTOMATED i
j=========-=1ENCLOSURE i + + + + + i g
! : : : : : : P :
i {3 : ! 595.0000 345.000) 0.21750! 0.21750% 12000.0 H i
: : : : : : : P :
1 + rs 4 e Y i 1 4 t
H } + $ $ + $ + + !
14.06 ! REMOVE CELL WINDOW COVERS ! 9.00000! 2.00000) 1.30506! 1.30500! 20.0000; -0 i -0-

e ! ! + + + + + ! !
: : : : : : : o :
1 YE i ! 597.000! 347.000) 0.04350) 0.04350) 2400.00: i H
: : : : ! : : b :
! + + $ # + + + $ !
14.07 ! VIEW STING AND SOLUTION CHECXING | S5.00000: 5.00000) 1.30500) 1.30500) 20.0000; i -0-

jommmmemme- !FROM CRYSTALLITES AND BUBBLES ' + + + ¢ + i 4
I i ] ] ] ] ! ] ] ]
1 ] 1 ] ] ] 1] 1 t 1
i YE ' ! $02.000! 352.000) 0.10875) 0.10875i 6000.00; i H
! H H : ! ] i . i
! $ + + $ + $ + + !
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{Facility:FLUID EXPERIMENT SYSTEM Acronys:FES
iStep Number! Step Description ! Step | Crew ! Power | Thersal iData RateiVideoi Cosaents
Ry : Tise(sin)!Tise(nin)! (k) | (kW) | (kbps) IKey 1

] é d s 3 ] ]

! Used for |
i this
iCarrier Y/Ni

) T

T

T

iTotal Run|Tot. Crew|Energy IniEner. OutiTot. Datal
'Tise{(nin) Tine(min)| (kN Hrs.)i (kW Hrs) !Dwn.(kB) |

:::2::::::::+::::::::::::::::::::::::::::::::::2:+:::::::::+:::::::::+:::=:::::§:::::::::*:::::::::‘l‘::::/:::::::::::::::::::::::::
14.08 ! SECURE TEST CELL INTO OPTICAL ! 2.00000i 2.00000i 1.30500! 1.30500: 20.0000: -0 : -0-
jommmm————- {BENCH LOCATION i + t t + o
1 1 t t t 1 1 [} !
t i ! ! 1 1 ] 1 t
v YE i | 604.000! 354.000! 0.04350: 0.04350: 2400.00: !
! } H i ! t ' I 1
! H t [} 1 } H i 1
14.09 1 TURN OFF PREHEAT CONTROL FOR ' 1.00000! 1.00006} 1.30500} 1.30500{ 20.0000: -0 : -0-
----------- ISTING ASSEMBLY | + + + + o
! 1 ! 1 I ] [} [}
! ] 1 1 1 1 ! 1
YE i | 605.000) 355.000! 0.021751 0.02175i 1200.00;
[} ] ' ] ¢ 1 i [}
1 i ] [} ! b [} '
4.10 ! REMOVE PREMEAT STING UMBILICAL, | 0.50000) 0.50000) 1.30500{ 1.30500; 20.0000: -0 i -0-
jrmmmmem———- IATTACH 0B STING CONTROL UMBILICAL ! t t + t o
! ] ] ! [} ' ! 1 t
' ' ! ] ! ! 1 t |
A (- i | 605.500) 355.500! 0.01088! 0.01088; 600.006i |
] ! t [} t t ] ! !
1 1 ' [} 1 ] 1 [} 1
4.1 i TURN ON 0B CELL TEMPERATURE ) 0.50000! 0.50000! 1.30500} 1.30500i 20.0000: -0 : -0-
B Sty {CONTROL VIA FES OCP i + + + + t
1 [} 1 ] ] ] ] ] 1
' ' 1 1 o 1 1 i 1
{3 i, | 606.000! 356.000i 0.01088: 0.01088] 600.000; 1
1 1 i [} t 1 ! [} t
t ) ' ! L} 1 ! i t
14.12 i OPERATE STING VENT VALVE i 1.00000f 1.00000; 1.30500{ 1.30500i 20.0000: -0 i -0-
pommmmmmees i ' t + + + +
: i i i i i i P
T {2 i ! $07.000) 357.000! 0.02175} 0.02175} 1200.00;
I [} ! i 1 t ) t |
! ! i [} 1 ! 1 [} t
14.13 ! ADJUST THE MECHANICAL COMPONENTS | 5.00000i 5.00000% 1.30500i 1.30500: 20.0000i -0 : -0-
f-mmmommmes 10F THE OPTICAL BENCH FROM THE | 4 ¢ + + b
i 1SCHLIEREN USE i i i i i .
I (1 i ! 612.000{ 362.000) 0.10875: 0.10875! 6000.00;
i d i i i ' i P
! t t + + + + + +
14.14 i TURN ON THE VIDEO CAMERA FOR ! 2.00000} 2.00000} 1.30500; 1.30500! 20.0000i M3 i -0-
jmmmmmm=e 1 DOWNLINK i + + + + +od
: i i i i ; i P
PYE d ! 614.000) 364.000) 0.04350) 0.04350; 2400.00: |
t 1 } [} 1 i 1 1 '
1 [} 1 ] ] ' 1 i i
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\Facility:FLUID EXPERIMENT SYSTEM Acronya:FES

i

1Step Number; Step Description ! Step | Crew | Power | Thermal iData RateiVideo: Coaments
f=mmmmmmmme i 'Tise(nin)|Tise{nin}} (kW) | (kW) | (kbps) ikey I

| Used for H + + 4 * i i

i this 'Total RuniTot. CrewiEnergy In{Ener. OutiTot. Data:

,Carrler YN

W
.
.
]
'
]
]
'
"
’
]
—— - e e ————
"
n
"
"
"
"
"
"
"
(1]
"
"
"
"
n
"
11
(1]
"
"
"
"
"
"
"
L1}
"
1]
"
"
"
"
"
"
“w
"

'Time(min}|Tise(ain)} (kW Hrs.) | (kW Hrs) {Dwn.(kB) !

zzzzzossIse }:::::::::+:::::::::+:::::::::+:::::::::+:::::::::}::::/:::::::::::::::::::::::::
14.15 ADJUST THE SCHLIEREN VIA THE OCP ! 10.0000! 10.0000! 1.30500! 1.305001 20.0000} N3 | -0-
jommmmmmm——- i + + + + o
' H H g ' H i .
! YE ! | 624.000) 374.0000 0.21750f 0.21750} 12000.0 i
i i i i ' ' i P
! + + + + $ + $oumt
14.16 { CONTROL THE TRANSITION T0 ! 24,0000/ 10.0000° 1.42800! 3.32800{ 20.00007 M3 | -0-
oo —- {EXPERIMENT TEMPERATURE H t + + t t
] 1 ] 1 [} [ t 1 H
1 h i ' 1 ' | | )
i YE H ! 648.000) 384.000; 0.57120f 1.33120) 28800.0; i
i : i ' ] H H .
] 4 Fy d 4 4 'y 3 4
1 + + + + + + + +
14.17 ! CONTROL THE EQUILIBRATION PROCESS! 24.0000) 10.0000{ 0.72700! 0.72700: 20.0000 M3 : -0-
e {WITH THE STIRRER H t + + + + H
' i ] i H i i N
H YE ! | 672.000! 394.000! 0.29080} 0.2%080; 28800.01 d
i i ' i H ] ! P
] 4 $ + $ + 4 + $
H + + + + + +
14.18 i CONTROL EQUILIBRATION WITHOUT ! 6.00000 6.00000; 0.71700! 0.71700! 20.0000} 3 | -0-
jmmmmm—————- iSTIRRER H + + + + + H
i H ! i ! : ' N
H 1E ] ! 478.000) 400.000; 0.07170; 0.07170! 7200.00i H
H i i ] ! i H I
] 4 + $ 4 ry $ 4 3
H + + + + + + $
14.19 i CONTROL THE CAP RETRACTION ' 15.0000f 15.0000) 0.71700! 0.71700{ 20.0000{ M3 : THIS IS THE MOST
jmmmmmmee—- {OPERATION AND ADJUST SCHLIEREN AS 1 + + + + + {CRITICAL PHASE AS FAR AS
| tNECESSARY H ' ' i i H PRESERVING CRYSTAL
H 1E : ! 693.000{ 415.000% 0.17925i 0.179257 18000.01 1QUALITY
H H ! : H H H Voo
] Fy 4 + $ $ $ 4 i
H ¢ \ + + + + + +
14.20 i OPERATE THE OCP AND SCHLIEREN ! 240.000f 160.000) 0.717001 0.71700) 20.0000; M3 i -0-
jummmmmomes {DURING THE TRANSITION TO GROWTH H + + + + + '
| | TEMPERATURE ' : ] i H i 4
I {1 H ! 933.000! 575.000! 2.36300! 2.36800; 283000.! !
i H H H ! i i N
H + + + + + + + +
14.21 i TURN OFF STING VENT SOLENOID ! 1.00000¢ 1.00000{ 0.71700{ 0.71700) 20.0000: M3 i -0-
jmm—————- VALVE ! A + + + + H
! i ! ' ' ' : .
H YE H ! 934.000f S576.000{ 0.01195! 0.01195) 1200.00! H
: i i i i ] i .
! + + + + + + + +




Functional Flow
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:
:Facilitv:FLUID EXPERIMENT SYSTEM Acronys:FES
l
.Step Nusber | Step Description i Step | Crew | Power | Thermal !Data RateiVideo! Comaents
jommmm—————- H iTise(min)iTise(ain)! (kW) 1 (kW) | (kbps) iKey 1}
! Used for | ! + + ¢ + H !
I this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data! !
iCarrier Y/N} iTine(nin) ! Tine(min) | (kW Hrs.) ! (ks Hrs) !Dwn.(kB) ! !
|:::::::::::f::::::::::::::::::::::::::::::::::::4’:::::::::‘:::::::::f:::::::::f:::::::::f:::::::::+::::/:::::::::::::::::::::::::
14.22 i TURN OFF THE VACUUM RESERVOIR i 1.00000! 1.00000! 0.71700% 0.71700{ 20.0000} M3 | -0-
jomeemeenees {ISOLATION VALVE TO THE CLOSED ! + ' + + b
: IPOSTTION | .' : : | b
PoYE | 935.000} $77.000} 0.01195) 0.00195} 1200.00{ |
] ] ] ) ] 1 ] 1] 1]
A S N S S SO
14.23 i OPERATE THE OCP DURING THE ! 60.0000! 20.0000) 0.66500{ 0.66500] 20.0000) M3 | -0-
jommmm————- {TEMPERATURE STABILIZATION PROCESS | + + ¢ + + H
t [} ] 1 1] ) ] I t
1 ] 1] i ] ] ] ] ]
Lo | 995.000) 597.000; 0.66500! 0.66500; 72000.0; !
! 1 1 ! 1 { ] 3 |
S SRS USSR S SO A
4.2 | VIEW CRYSTAL GROWTH AND ADJUST AS! 2880.00! 250.000} 0.66500} 0.66500! 20.0000! 43 | -0-
}-==-====---NECESSARY ; + 4 4 : .ol
t ] ] ) ) 1] 1] ] )
] ] i ] ] 1 ] ] t
H YE H | 3875.00f 847.000f 31.9200! 31.%200) .34560€7} ]
! 1 1 § ¥ ] ] ! 1
] 1 1 1 1 ] ¢ ] ]
H t + + + + + -t
14.25 1 OPERATE THE OCP DURING CAP 1 10.0000; 10.0000! 0.66500! 0.66500{ 20.0000% ¥3 ! -0-
R | REPLACEMENT ! + + + + + H
4 ! ! H ! H ] .
' YE H i 3835.00{ 857.000/ 0.11083! 0.11083} 12000.0! '
H H g ! ! ! i .
14.26 t TURN OFF VIDEO SWITCH i 2.000007 2.00000; 0.66500! 0.66500) 20.0000! !-0-
jmmmmmmee- ! ! + + + 4 +
; H ! ! ! i ! H ;
LY | 3887.00 859.000} 0.02217; 0.02217} 2400.00} !
H 1 ] 1 ] ] ] ] ]
] ] ] 1 ] ] I ] i
14.28 i RUN ADDITIONAL TEST CELLS AS 1-0- 1-0- -0~ 1-0- 1 20.0000} -0} -0-
s {REQUIRED. ! + + + + +
: H ! ' H ' ' .
! 3 ! | 3887.00; 859.000! 0.00000! 0.00000; 0.00000; H
! ] H | H i ) ¥ )
1] 1 ] 1 ] 1 1 ] ]
15.17 i REMOVE THE TEST CELL FROM THE 0B,, 10.0000! 10.0000)-0- 1-0- 1-0- P -0 -0-
----------- REPLACE WINDOW COVERS, AND STON ! + + + + + '

] ] ] ] ] ) ]

i 1 1 1 1 1] ]

i 3897.001 869.000) 0.00000: 0.00000; 0.00000; !

] 1 1 1 ] ] ]

1 ] ! 1 ] ! ]

- - -

“+
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Date:03/04/88
!

1
'Facility:FLUID EXPERIMENT SYSTEM
i

Acronya:FES

]
iStep Number! Step Description ! Step | Crew | Power i Thermal iData RateiVideo! Coaments
Jomammmaaae ! 'Tise(nin)!Tine(nin)} (k) | (kW) | (kbps} iKey Li
! Used for H + + + + i i
i this iTotal Run!Tot. Crew!Energy IniEner. OutiTot. Data: '
]
1

==
=3
R

!
!
1
I
)
'
}zszzzozzoostss
1
[
1

TURN OFF FES VIA OCP SWITCHES

'Tise(nin) ! Tine{nin)} (kW Hrs.)! (kN Hrs) {Dwn.(k8) |

+

2.00000; 2.00000:-0- -0~

+

¢
1
;
0.00000!
!
!

- - ——

] '
[} [}
3899.00¢ 371.000; 0.00000
[} ]
! 1

-
- o ————

TOTALS

_—— e e e m— = -

*

1Eng. Out |
41.8708}

Run Time iCrew Tiseifng. In
3899.00! 871.000) 43.7564

Data




Functional Flow
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i
iFacility:High Tesperature Acoustic Levitator Acronys:HAL
]
H Step Description | Step | Crew | Power | Thermal |Data RateiVideo! Cosments

! Used for

iTise(min)!Tine(nin)! (kW) !

$

(kW) ! (kbps)

4
T

T

ey 1}
b ]

1

£ H v v H H
i this |} iTotal RuniTot. CrewiEnergy IniEner. Out}Tot. Data! H
iCarrier Y/N! iTime(nin) i Time(min) } (kW Hrs.)! (kN Hrs) iDwn.{kB) | d
;:::::::::::‘f::::::::::::::::::::::::::::::::::::f:::::::::*:::::l:::*:::::::::f:::::::::‘l’:::::::::*::::/:::::::::::::::::::1:::::
1.0 it Ground based activities. 1-0- 1-0- i 0.00000¢ 0.00000! 0.00000; 0 | -0-
jommmmmomee- H ' + + + + +
f 5 R
PN | 0.00000{ 0.00000} 0.00000: 0.00000! 0.00000; !
] : ] ! ' ' H .
! 4 + 4 4 4 + T —
12.0 i Initial Setup 1-0- 1-0- i 0.00000) 0.00000; 0.00000{ 0 | -0-
joommmmm———— i ) H + + + + o
: ? R L
PN | 0.00000) 0.00000; 0.00000{ 0.00000! 0.00000! !
' 4 ! H H ! H I
] 4 + + $ + $ 4=t
i2.1 i Transport Faciltiy from resupply | 120.000; 120.000! 0.00000! 0.00000; 0.00606; -0 ! -0-
jmmmmm—————- 1sodule and interface to carrier H + + + + +
! ilocation H H H ! i H i
i NO H i 120.000} 120.000! 0.060000! 0.00000; ©.00000; H
' ; i H ! H | I
! $ $ + 4 + + T—
12.2 i Secure faciltiy in place for i 30.0000{ 30.0000; 0.00000: 0.00006 0.00000! -0 i -0
jommm————— ioperation. ! + + + + +
i H H ' H | ' H '
i NO ! 1 150.000; 150.0006) 0.00000; 0.00000; 0.00000; i
' H ! H H ! ' -
' FY 4 i r 3 1 Iy e
! } + $ + $ 4 poment
12.3 i Verify proper connections and | 10.0000 10.0000; 0.00000! 0.00000! 0.00000} -0 | -0-
jrmm———————— icheck for leaks. H 4 + + + + 1
' H : ! ! | i I
' N0 4 i 160.000} 160.000! ©.00000; 0.00000; 0.00000 H
' H H H H ! ] S
2.4 i Review experiment procedures. i 30.0000; 30.0000) 0.00000: 0.00000: 0.00000: -0 ! -0-
jmoemmm————- i ' + + + + +
: : : 1 ] ] ] ] :
] I ] ] ] ] 5 1] 1
H NO H ! 190.000{ 190.000! 0.00000;, 0.00000; 0.00000! H
' H H H H ] ] .
] FY 4 i & i I 4 4
12.5 ! Turn on saster power switch. | 2.00000! 2.00000; 0.06000! 0.06000! 2.00000} -0 | -0-
jmmmmmmemes i ! + + + + + )
T A N R
PN | 192.000 192.000; 0.00200 0.00200! 240.000; !
: H ! ; H H H I
! 4 4 Iy 4 $ 4 Ky e
! ! 4 } + + ¢ FR—
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Coagents
-0-

!
1

2.00000; -0 :

(kW Hrs) {Dun.(k8)
0.12000;

i
T
[}
1

Power | Thersal !Data RateiVideo;

Functional Flow
Analysis of the Cossercial
3
0.12000,

+

Carriers Hardware
2.00000)

'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Datai

Crew

Acronym:HAL
_ \Tise(ain)iTine(nin)!

)
2.00000:

Step

Time(nin)|Tine(min) ! (kW Hrs.)

szszzzzzszzzsd

Tarn on aicroprocessor.

Step Description

]
¢
!
1
3
]
t
i
1
]

this
icarrier Y/N

Date:03/04/88
'Facility:High Temperature Acoustic Levitator

1Step Nusber!
|
]

| Used for

1

0.00400! 0.00400; 240.000

194.000;

194.000!

—— e - ——

——

L
=

-0_

5.00000! 0.12000; 0.12000; 2.00000: -0 i

5.00000;

Run systes integrity test and

—— - —— 4
‘- —— ————
p—=d
D
[~}

(=4
=]
~
e = e
=
o
=1
—y
o

3
o
F L T
(=3
=1
o
—t
()
3
o
- -
L==4
(=3
<
o
o
-y
I R T
L=2
=3
<
o
=23
-
- ——
.
[
e
@D
-
Q
L]
~
=)
©
Q.
c
=
-~
bl
[reiy
o—t
o
[ id
>
e
t
1
]
]
1]
] 2
] =
1]
1
]
'

5.00000! 0.12000% 0.12000; 2.00000: M4 | -0-

5.00000

Insert fils modules into camera.

—— e - m—
L et o
[~
xQ
o
b4
o
o
- e mw - e
=4
(=4
o
-t
o
.

o
[ T
(=4
b =4
S
——t
(]
.
[—]
- mrem e wm—
(=1
<D
(—]
«
-
(=]
o~
+ e - -
(4
(=3
(=]
.
-
[-~]
~
- - - —— o
- - T e
)
1
]
[
]
1 =
] S
[
[]
1
t

_0-

]
1

15.0000! 0.12000{ 0.12000} 2.00000;

15.0000;

Insert and secure sasple

—— - ———
B it o
=4
L =)

»

(=2
=4
<«

-—

G - - -
=4
=
S
>y
<o
.

[—}

B -

<
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.
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~
o
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-
e
(g
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]
1
1
1
]
] w
1 5=
]
]
]
)

-0_

Run Progralied process for first ; 65.0000{ 15.0000} 3.00000 3.00000¢ 2.00000

e e e
- m———
L4
o
(=3
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(==
~
P R T
(=4
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o
vy
o~

.
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[
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!
]
1
I
t
¥
1
I
i
!
]
!
i
1
1
[}
1
I
]
b
1
1
1
1
[}
[}
]
t

longer times could
iproduce gore saapies

-0-

—— e ————

3
+

2.00000! -0 !
400.000;
2.00000; -0 |

0.25000:
0.02083:
.00000

3

0.250001
0.0208
3.00000:

1.00000;
235.000:
0.00060;

5.00000;
289.000!
975.0001

- ———— e

Run sample exchange and purge

------====-ifurnace.
Repeat steps 4.1 and 4.2 for

-----------iresainder of sasples

}
]
1
1

3
e

2
3

4
4

i
!
[}
t
]
t
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]
iFacility:High Tesperature Acoustic Levitator
1]

Acronym:HAL

1

iStep Nusber!

| S H

! Used for |

i this |
t
1

Step Description

i Step | Crew | Power

Thermal iData RateiVideo! Cossents

Tise(ain) Tise(sin)!  (H) | (kh) | (kbes) Ikey LI

L4

TTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data)
iTime{nin}iTise{nin}! (kW Hrs.)| (kW Hrs) !Dwn.(kB) |

TOTALS

-

Run Time iCrew TiseiEng. In IEng. Out ! Data

,:::::::::::f::::::::::::::::::::::::::::::::::::+:::::::::4}:::::::::#:::::::::f:::::::::f:::::::::i»::::/:::::::::::::::::::::::::
15.1 t Turn off cameras 1 2.00000; 2.00000! 0.12000) 0.12000! 2.00000} -0 !
e ! ! 4 $ + + + !
! H ' } H ! H N
N H | 1266.001 237.000} 0.00400! 0.00400! 240.000! |
' H ' H H H ! oo
] 4 rs e Y 4 'y e 3
| T T L T L4 T A T
15.2 i\ Resove sample cartridge and stow |-0- 1-0- 1-0- -0~ 1-0- 101 -0-
e i | + + + # +
5 | 5 L : ! P
' NO H ! 1266.00% 237.0006! 0.00000; 0.00000; 0.00000; H
i ! H H H H ! HE
! + + 4 } 4 + $emmnt
15.3 ! Turn off master power switch i 2.00000; 2.00000! 0.006000! 0.00000; 0.00000; -0 | -O-
----------- i ! + + t $ +
' b ;o
N0 | 128.00! 239.000; 0.00000; 0.00000} 0.00000} |
| i H H ] Voo
! T
}
1

.1268.007 239.000; 52.0808) 52.0808! 0.00000
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Power | Thermal iData RateiVideo!

!Tile(lin):Tine(nin)E

Acronya:LDF
Crew

!
]

Step

iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data!
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—— e -
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—_—— -

———— e
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_—— e -
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1
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i
!
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6.00000:
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— e - ——

[ SRR
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————————
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—— - - ——
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Total RuniTot. CrewiEnergy In{Ener. OutiTot. Datai !
]
1

]
1
iCarrier Y/N! Tise(sin) ! Time(min) ! (kW Hrs.) ! (kW Hrs) iDun.(kB) |
tasozzzzzzzs f::::::::::::::::::::::::::::::::::::f:::::::::+:::::::::+:::::::::+:::::::::+:::::::::
':

'Date:03/04/88 ' . Carriers Hardware Page:6- 38 '
gFacilitY:LIOUID DROP EXPERIMENT FACILITY Acronys:LDF 7 E
;Step Nuaber | Step Description ' Step | Crew | Power | Thermal iData Rate;Videoi Comments ;
jmmoemmmem=s | ‘Tise(nin)iTime(sin)! (ki) | (kW) | (kbps) iXey Li :
i + ; : . ) ;

i

i

1.00000} 1.00000; 0.103007 0.10300} 1.00000

98.0000¢ 93.0000

—— e -

1
[~}
e e e e ——
]
[—]
1

i
P
0.001721 0.00172! 60.0000
[} ]
H '

‘e - —— e ==

+

+
'
1
3
t
1
1
!
[
!
i
+
+
1
[

Run Time iCrew TimelEng. In |Eng. Out i Data
98.0000! 98.0000! 0.02232! 0.02232 60.0000;

TOTALS
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1

iFacility:Moving Wall Electrophoresis Unit Acronys:HWEU

1

i1Step Nusberi Step Description ! Step | Crew | Power | Thersal iData RateiVideoi Cosgents

Tise(nin) Time(ain)! (kW) !

(kw) | (kbps) fiKey Ii

i Used for | i + + + + i i

v this iTotal RuniTot. Crew!Energy IniEner. OutiTot. Datai H

iCarrier Y/N! Tise{min) | Tine(nin) | (kW Hrs.)! (kW Hrs) {Dwn.(kB} | '
::::::::::::f::::::::::::::::::::::::::::::::::::f:::::::::f:::::::::*:::::::::+:::::::::+:::::::::+::::/:::::::::::::::::::::::::
15.2 ! Disengage wall rotation mechaniss! 1.00000! 1.00000! 1.00000} 0.10060; 0.10000f -0 | Facility is in idle
jmommmm : ' + + ¢ + +  laode, resains idle
H ! ' ] H H H i lconcurrent with steps
PN ! 39396.01 9.0000{ 0.01667} 0.00167! 6.00000}  12.13 to 2.15

! ' H H ' i H .

! 4 + $ + + + PR

15.3 i Resove sasple collection unit. | 5.00000; 5.00000;-0- 1-0- -0~ i -0 -0-

joemeeemeoe i ' + + t t +

; ; ; H | ' H ' ;

PN | 394010/ 101.000; 0.00000! 0.00000 0.00000: !

i 4 H i H ' H HE

! 4 4 + + + + IR

15.4 i Insert sample in storage { 5.00000; 5.00000:-0- 1-0- i-0- P01 -0

R ifaciltiy. H + + + + +

1] 1] ] b b ] ] ] )

] I. 1 ! ] 1] ] ) H

PN | 39406.0{ 106.000 0.00000 0.00000! 0.00000; !

| ! d ! i ' H .

] 3 4 i Fs rs Y 4 4

! $ $ + 4 4 4 T

15.5 ! Turn off soving wall facility | 1.00000) 1.00000i-0- 1-0- -0~ V-0 -0-

| . 1 . ] + $ $ + + ]

| ! :' : : : L

i NO H 1 39407.0{ 107.000! 0.60000; 0.00000{ 0.00000; !

: H H ' ! 4 : HE

] 4 i 4 'y 4 rs 4 4

! 4 $ ¢ % + $ PR

15.6 i Secure faciltiy. i 10.0000} 10.0006i-0- 1-0- 1-0- P -0 -0-

R i : + + + + +

T T

PN | 39417.0 117.000} 0.00000 0.00000 0.00000¢ !

i J H H 1 ! ! P

; + + + + + + pommnt

H TOTALS  {Run Time iCrew TiselEng. In {Eng. Out | Data |

H i 39417.0f 117.000% 6S6.112} 656.097) 0.00000:
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Acronys: HEPF

'Facility:Multiple Experiment Processing Furnace

Date:03/04/88

[}
'

Cosments

Power | Thersal iData RateiVideo:

Crew |
Tise(nin)iTine(sin}! (kW)

Step

Step Description

iStep Number;

! (kbps)

(kn)

Used for

1
[}

+

]
]
[}
i

1
1
1
l
+

this
Carrier Y/N

(kW Hrs) {Dun. (k)

Total RuniTot. CrewiEnergy IniEner. OutiTot. Data

Time(min)|Tine(nin) | (ki Hrs.)

/
10

+

zsszzzzazt

2224

"

s3zzzzzzsézzzozzzzcé

+

“Ground to station activities.

jaasissasess

11.0

These steps include all

i-0- 1-0- -0~
tground based and
itransportation
ioperations.

1-0-

1-0-

0.00000;

0.00000

6.000001

0.00000!

0.0006001

—— e —— —— g

- - o

,— e ——

1-0-

{-0-

1-0-

1-0-

Ground preparation of sasples.

-0- - ie0-

1-0-

Ground prepartion of sample.

R e

0.00000! 0.00000; ©.00000i 0.00000

0.00000;

1-g-

1--

120.000} -0~

Move sasple into ampoules and

-=ammmme=-=lsgal thes.

- i-0-

1-0-

!
1

Secure experisent equipmnt to

~=mmmaeeem=tfacility rack.

120.0003-0-
240.000!

0.00000; 0.00000; ©.00000

0.00000:

————

NO

60.0000} -0~ 10~ 1-6-

Secure sample carousel and
-----------isasples into shipping containers

1.2.1

——————

NO

30.0000: -0~ i=0- i-0-

]
t

Secure containers containing
-----------{carousel into logistic sodule.

t
]

1.2.3

———— e

NO

3
i
i
[}
i
i
I
1
]
i
i
1
]
!
¥
H
1
1
[}
1
i
1
1
1
t
]
1
]
]
i
1
!
1
!
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t

\Facility:Multiple Experiment Processing Furnace Acronys:MEPF

Step Number! Step Description ! Step | Crew | Power ! Thersal |Data Rate|Video! Coaments

Used for |
this |
Carrier Y/Ni
+

]

1Tine(nin)

iTise(min)! (kW) 1

:

1.4 L4 A 1 1

1Tetal RuniTot. CrewiEnergy IniEner. OutiTot. Datal
'Tine{ain) !Tise(nin)i (kW Hrs.)) (kN Hrs) iDwn.{kB) |

(k#) + (kbps) iXey 1!

prfrgpepeteegpedefrdes ::::::::::::::Z:::::::::::::::::::::f:::::::::+:::=:::::f:::::::::f:::::::::*:::::::::+::::/:::::::::::::::::::::::::
1.2.5 ! Secure faciltiy rack to logistics! 150.000{-0- t-0- 1-0- 1-0- i -0t
----------- imodule. H ¢ + + t t
t 1) ] ] 1 ) ] ]
] ] i ! t ] 1 ]
Mo } 480.000{ 0.00000} 0.00000! 0.00000; 0.00000i |
1 ] 1 1 ] 1 ] ]
H 1 ! ¥ + I 1 I
1.2.6 | Connect all interfaces to ! 15.0000) 15.0000! 0.00000! 0.00000; 0.00000} -0 ! -0-
----------- ifacility rack and check for leaks. d t + + to
] ] ] ] ] ] ] t
1 1] ] § i ] H ]
NO H ! 495.000{ 15.0000; 0.00000; 0.00000! ©.00000; H
S ! H H ! ! Voo
2.1 i\ Transport faciltity fros 1 120.000;-0- 1-0- 1-0- 1-0- i -0}
----------- tlogistics sodule to carrier. H + 4 + + LS
+ t i 1 1 ] ! t
] -1 ) 1 ! ] 1] 1
NO H ! 615.000! 15.0000/ 0.00000; ©.00000: 0.00000: i
H ' H H ! ' I
2.2 i Secure rack containing the | 60.0000; 60.0000: 0.00000; 0.00000:-0- 1 =0
----------- {facility to proper carrier location.! + + + + +
1 ] ! 4 1 ] ] '
1 | | ] ] ] I 1
NO H | 675.000f 75.0000! 0.00000! 0.00000; 0.00000} |
H H : i ! i N
2.3 i Connect required interfaces to | 30.0000! 30.0000:-0- 1-0- -0~ 1 =01 -0-
----------- ifacility rack. ' + + + + + b
H H H H H ! I
NO H ! 705.000: 105.000) 0.00000) 0.00000! ©.00000! H
H H ! ! ! ! .
3.0 i Review experiment for preparation{-0- 1-0- 1-0- -0~ -0~ | -0 | These steps will be
-==em======lof run. ! + + + + +  lacosplished prior to each
H H : H H i ! land every run.
YE H ! 705.000f 105.000! 0.00000: 0.00006: 0.00000; H
: ' H 1 1 ' -
3.1 ! Review experisent. i 10.0000{ 10.0000:-0- 1-0- i-0- i -0
----------- i ' + + + + +
E ; : ' H ! H ;
o | 715.000 115.000! 0.00000 0.00000! 0.00000! !
] ] 1 ] ] ] ] 1
] 1 1] ] ] 1] ] ]
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Cosments

-t —— -

$zzzozzzz2zd
0.060000

0.00000:~0-

'Total RuniTot. CrewlEnergy IniEner. OutiTot. Datai

0.00000}-0-
0.00000}
0.00000}-0-

1-0-

+

Power | Thermal iData RateiVideo!
(kw)

0.000001

0.00000}

0.00000;

0.00000}

Functional Flow

Analysis of the Cossercial
Carriers Hardware

+

20.0000;

Crew
150.000:
5.00000}-0-
10.0006}

!Tise(nin) | Tise(ain)}

Acronyn:HEPF

{-0-

t
[
+

Step

20.0000;
750.000;
1.00000;
10.0000!

'Tine(min)!Tine(min) ! (kW Hrs.)}(kn Hrs) {Dun.(kB) !

-~

|
i
+
i
t
|

—— e ————

Review experimental procedures.

Step Description
Secure all connections and seals.!

Secure furnace.
Run system integrity test.

+

1
[}
'
]

t
)

[}

t
4

'Facility:Multiple Experiment Processing Furnace

Date:03/04/88

1Step Nusber!
Carrier Y/Ni

- —— e

0.00000; 0.00000

0.00000;

—_—

165.000

761.000;

350 #

Processor
SEE 3.2.2

———— =

1 =0
i -0

0.00000

0.35000: -0~
0.00583:
0.35000{-0-

0.35000
0.00583:
0.350001

1.00000:
166.0001
2.00000!

762.000

1.000001
2.00000!

'
'

—_—— i = o

Turn-on saster controller systes |

Turn-on processor facility.
-=-e-------itest progras.

1
¢
t
L}
]
I
+

YE




1
1
1
I

|
t
b
]
]
]
1
]
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'
{Facility:Multiple Experiment Processing Furnace Acronye:MEPF
Step Nuaber| Step Description { Step | Crew | Power | Thersal iData RateiVideo! Coaments
----------- ! iTise(sin)iTime(ain)! (kW) | (kW) | (kbps) IKey Li
Used for | ! + + + t ' i
this | iTotal RuniTot. Crew!Energy IniEner. OutiTot. Data! H :
Carrier Y/N! ITine(nin) i Tise(sin) ! (kW Hrs.)! (k¥ Hrs) !Dun.(kB) | '
:::::::::::f::::::::::::::::::::::::::::::::::2:*:::::::::f:::::::::+:::::::::*:::::::::+:::::::::*::::/:::::::::::::2:::::::::::
14.0 i Run. i-0- -0~ 1-0- 1-0- -0~ ! -0 | These steps include the
----------- H ' + + + + +  jactual running of the
H H ! H ' H ! ifacility.
YE H | 764.000) 163.000) 0.00000; 0.00000} ©.00000; H
H ] H H H H I
4.1 i Run process. i-0- -0~ 1-0- 1-0- i-0- i <0}
----------- i ! ¢ 4 + + +
E ; ! 4 | | H ;
| | 764.000! 163.000} 0.00000; 0.00000} 0.00000{ !
! H ! H H i P
4.1.1 i Adjust processing parameters. i 10.0000{ 10.0006! 0.35000: 0.35000! 1.00000} -0 | SEE 3.2.2
----------- ! ! 4 + + + T
; ; i H i i ! ;
YE H | 774.000} 178.000; 0.05833; 0.05833: 600.000! i
H 1 i H H H -
4.1.2 i Run furnace and sasple heat-up. | 180.000) 15.0000! 1.10000! 0.60000; 1.00000! -0 i Peak heat rejection is
----------- H ! + ¢ + ¢ + 12500 W increasing from
: ! ' H ' ! ! 1350 W at 52.44 W/ain
YE H i 954.000; 193.000) 3.30000{ 1.30000; 10800.0! !
H | i H H i P
4.1.3 i Run process to sample soak | 120.000{ 10.0000) 0.50000% 0.50000! 1.00000{ -0 | -O-
----------- H H + + + + +
E ; i H i i H ;
YE H i 1074.001 203.000; 1.20000: 1.20000; 7200.00: H
H i H H i ! P
4.1.4 i Run process to grow crystal. i 13500.0{ 20.0000! 0.60000! 0.60000! 1.60000; -0 ! Power equal heat loss
----------- | | ¢ + + + +  iplus SEE 3.2.2
H H H H i ] P
YE H 1 14574.0f 223.000% 135.000f 135.000: 810000.! H
H : H | i ] I
4.1.%5 i Turn-off furnace and quench { 0.05000{ 0.00000! 0.35000} 4.92000; 1.00000} i -0
----------- isasple with gaseous helium for 3 | t + + + + H
iseconds H ] i ' 1 H H
YE H i 14574.01 223.000! 0.00029{ 0.00410! 3.00000; !
3 t i) 3 1 ] 1] t
t ] 1 i 1 ] ] ]
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]

iFacility:Multiple Experiment Processing Furnace Acronym: MEPF

]

i

1Step Number | Step Description i Step | Crew | Power | Thersal iData RateiVideo: Comments
jmmmm——————— ! iTime(nin)|Time(min)i (kW) 1 (kW) ! (kbps) iey li

| Used for | ' + pmmmmioaacd + ! i

i this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data! H

iCarrier Y/N! Tise{nin) !Tine(ain) ! (kW Hrs.)! (kW Hrs) iDun.(kB) ! !
:::::::2::::*::::::::::::::::::::::::::::::::::::f:::::::::*:::::::::"‘:::::::::‘l‘:::::::::*:::::::::*::::/:::::::::::::::::::::::::
15.2 i Package aspoules in shock ! 20.0000! 20.0000! 0.00000} 0.00000{ 0.00000{ 0 | -0-

fmem—m———— iresistant containers for return to ! + $ + + +

i iearth. ! H H ! H .

H NO H i 14929.01 409.000) 0.00000! 0.00000; 0.00000; i

] ! H H ! H i Vo

' + + + + + + t----4

15.3 }  Secure and store sample carousel | 10.0000) 10.0000; 0.00000! 0.00000! 0.00000{ 0 ; -O0-

e ifor safe return to earth. H $ + + + +

: H ] i H i ! oo

' NO H i 14939.0{ 419.000{ 0.00000; 0.00000! ©.00000; 1

i H H : H H i [

! + + $ $ 4 + et

16.0 i Run characterization. -0~ i-0- i-0- -0~ 1-0- 1 -0 | These steps will be
jmmmmm—————- H H + + + + +  |perforsed during the [0C
! H i H H H ' ! iperiod

i NO H i 14939.01 419.000; 0.00000} 0.00000; 0.00000 i

H H H H H H H oo

] 'y i 4 ry 4 i i 3

, h g T T LS L v T

16.1 ! Review and analyze product. 1-0- -0~ -0~ -0- 1-0- 1 -0}

! ' + + + + +

A T

PN | 14939.0! 419.000) 0.00000; 0.00000; 0.00000! |

e H H H H 1 i N

' é Fy 3 3 4 4 3 4

16.1.01 t  View and photograph boule throughi 10.0000 10.0000; 0.00000! 0.00000;-0- I

jmmmmm—————- iwall of aspoule. ' + + ¢ + o

H ! H H ' i ' oo

PN | 14949.01 429.000{ 0.00000! 0.00000i 0.00000; |

] H J H ' H 4 HE

' + ¢ 4 + + + $--—-4

16.1.02 i Disassesble ampoule and resove | 30.0000; 30.0000! 0.20000! 0.20000;-0- i -0 1 6Glovebox = 200 ¥
jommmmmmm—a iboule from ampoule. ] + + + + ¢ ;

i H H : ! H | .

H NO H 1 14979.0f 459.000! 0.10000! 0.10000; 0.00000} i

i H i ] i H H N

! $ + $ + + ' T

16.1.03 i Operate etching equipaent to etch! 30.0000; 30.0000! 6.20000! 0.20000;-0- 1 -0 1 Glovebox = 200 W
e igrowth residue fros product. H + + + + +

d H ! i H H i N

! NO H i 15009.0/ 489.000} 0.10000 @.10000; 0.00000: H

; H H H H H H .

! é 4 3 e s 4 $ 'y

1 T h g T T 14 T hd T
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] 1]
1) 1
'Facility:Multiple Experiment Processing Furnace Acronyn:HEPF H
1 1
1 i
1Step Numberi Step Description ' Step ! Crew | Power | Thermal iData RateiVideo: Coaments i
jommmmmemm—- i ‘Tise(nin)!Tise(nin)! (kW) | (kW) 1 (kbps) ikey Li ;
| Used for | i + t + # P i
i this | 'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Datai H |
‘Carrier Y/R! 'Time(nin) !Tise(min) } (kN Hrs.)i (kN Hrs) |Dun.(kB) | ! !
}:::::::::::+::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::+:::::::::+:::::::::+:::::::::+::::/:::::::::::::::::::::::::,’
16.1.04 ! View and photograph product. ! 10.0000! 10.0000) 0.20000) 0.20000:-0- 1 -0 SEES.1.3

| S, ! ] It + + + + 1 '
; X | \ X | | C |
! 1] ] t i 1 i i ] 1
i NO H ' 15019.00 499.000; 0.03333 0.033331 0.00006: i i
i 4 i i ‘ H i i H i
! + + $ + 4 + pammnt !
16.1.05 ! (perate mass measuresent device | 20.0000; 20.0000) 0.22000! ©.22000:-0- ! -0 ! Glovebox = 200 W; Mass
fomemm e 1and measure sass of boule. i + + + t +  iseasuresent = 20 W :
! ] ] ? 1 ] i ] 1] ]
+ ¥ ] 1 ] 1] 1 ) ] I
i NO | ! 15039.0! 519.000) 0.07333: 0.073331 0.00000; i i
i ] H i g ! i H i i
! + + $ + + + $mmnnt !
16.1.06 ! (perate dimensional device to | 10.0000i 10.0000) 0.20000) 0.20000{-0- 1 -0} SEE 5.1.3 i
R Iaeasure physical dimensions of | $ + + + + i
' iboule. ! ] | | i H ' !
i NO H ! 15049.0f 529.000% 0.03333F 0.03333) 0.00000; H i
i H H H H i i g ! i
H + + $ + $ + + + H
16.1.07 ! Dperate cutting unit to slice ! 40.0000! 40.0000! 0.95000! 0.95000;-0- | -0 1 Glovebox = 200 W; i
et 'sasple wafer fros boule. H + 4 + + +  icutting/Polishing = 750 Wi
1] ] 1] ] ] ] + ] t t
] I i ] ] ] ] ! 1 ]
H NO H i 15089.0! 569.000! 0.63333) 0.63333f 0.00000; : i
t ' i i H i i ] i '
1 3 + 4 4 4 Y ry rY ]
! $ + } } + + pmmemt !
16.1.08 ! View and photograph wafers. ! 10.0000! 10.0000! 0.20000! 0.20000;-0- ! -0 | SEE S5.1.3 i
| e ————— i 1 $ + + + + [ H
; ; ; | i i H i ; i
! NO ] ! 15099.0! 579.000) 0.033331 0.03333) 0.00000, ! |
‘ i i i H ! H ! 4 f
i + $ + + + $ pommmt t
16.1.09 ! Operate polishing device to ! 40.0000! 40.0000) 0.95000! 0.95000i-0- { -0 SEE S.1.7 i
fommmma e ‘polish wafers. i + + + + + !
] 1 ] 1] ! ] ) ] t ]
t ! ] ] 1] ] ] 1 1 1
HE ) ' 1 15139.0¢ 619.000! 0.43333! 0.63333: 0.00000i H !
i i ' H ! ! i g { :
] 4 4 K s i 4 s é t
H T T h T T T LS T 1
16.1.10 ' view and photograph wafer using | 40.0000{ 40.0000i 0.15000; 0.15000:-0- i -0 | Microscope systes = 1501
R isicroscope systes. i ¢ t + ¢ L ;
' ' i | i H H H ; ;
T N H ! 15179.0' 659.000; 0.10000) 0.10000! 0.00000i ; !
H ! H g ] i H H ! :
! $ $ $ + } $ pmmmet !
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t

]

\Facility:Multiple Experiment Processing Furnace Acronym:MEPF

]

¥

iStep Number! Step Description ! Step | Crew | Power | Thersal iData RateiVideo: Cosments
Jrmmm e ' Tise(ain) {Tise(ain)! (kW) | (kW) | (kbps) ikey L

' Used for | H + + 4 d | :

i this 'Total RuniTot. Crew|Energy IniEner. QutiTot. Datai i

iCarrier Y/N! iTime(nin) i Time(ain) ! (kn Hrs.)! (kW Hrs) {Dwn.{kB) | !
yzzzzzzzzzzzdozzozosossazossoIoEIIososas +:::::::::+:::::::::+:::::::::+:::::::::f:::::::::+::::/::::::::::::::::::::::::
16.1.11 ! (perate etching device to etch | 30.0000! 30.0000} 0.20000; 0.20000;-0- ! -0} 6Glovebox = 200 ¥
jrmmmmm————- jwafer. H + ¢ + ¢ £

H H i H i ] H N

PooMo ! 15209.0! 689.000 0.10000} 0.10000} 0.00000i !

! H H H i 1 H oo

! + - + + $ + + 4 +

16.1.12 ! View and photograph wafer using | 40.0000 40.0000; 0.12000 0.12000}-0- i -0 1 SEE 5.1:10
jrmmem—————— iaicroscope systes. : + + + + +

: H H H : H H .

: NO H ! 15249.0¢ 729.000) 0.08000) 0.05000; 0.00000¢ i

H H H H ' i H .

1 Fy 3 rs 4 é i 3 4

, LS T 1 4 T T T T T -
16.1.13 ! Repeat 6.1:11 and 6.1:12 as ! 70.0000! 70.0000{ 0.18000{ 0.18000:-0- 1 -0 1 Avg Power for steps
jmmmmm—————- irequired. H + + t $ +

' H H i H ! : HE

i NO H ! 15319.0f 799.000% 0.21000! 0.21000; 0.00000 H

i . H H H : H H oo

] $ Ky I 4 4 é +4 4

! ¢ + + + 4 + $emmmt

16.2 ! Verify wafer crystal structure. {-0- 1-0- 1-0- i-0- 1-0- 1 -0

) H H + + $ + + H

H i H i H ' H .

! NO H ! 15319.00 799.000) 0.00000: 0.00000{ 0.00000; H

! i H | H H H HE

! + $ $ + + $ $ommt

16.2.1 ! View wafer using x-ray systes | 180.000) 180.000{ 1.50000; 1.50000:-0- 1 -0 1 X-ray systes
jomemmennean | (topography) . ; + + + + +  |(topography) = 1500 W
1 ] ] ] ] t ] 1 !

1 ] 1 1 1 ] 1 1 t

i NO i ! 15499.01 979.000) 4.50000; 4.50006) 0.00000; '

! H ! 1 ' ! H .

] 4 3 é n 4 4 s i

: ¢ } } 4 } ¢ pommt

16.2.2 ! Operate electrical conductivity | 20.0000{ 20.0000{ 0.01500; 0.01500{-0- ' -0} Electrical conductivity
jomemm—————— iprobe to alyze wafer. : + + + + +  iprobe = ISW

] ] ] ] ] i 1 1 ]

1 1 ] ! ] 1 ] ] i

i NO H ! 15519.0/ 999.000) 0.00500; 0.00500; 0.00000! i

i i ! ! i ' i I

t 4 4 3 Fy 4. s i 4

! } $ } 4 } ; PR

16.2.3 ! Operate Hall probe to analyze | 40.0000! 40.0000; 0.50000; 0.50000}-0- { -0 1 Hall probe = 300 ¥
}===mmmnm===iwafer. i + + t + o

] 1 ] ] ] t ] ] ]

1 1 H 1 1] 1 1 1 1]

H NO ' ! 15559.0) 1039.00f 0.333331 0.33333 0.00000: i

: i H H H ! H HE

t 1 Y 4 3 'y 3 i &

! ¢ $ + + ; + FOR—
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Functional Flow
Analysis of the Commercial

TOTALS Run Time iCrew TimeiEng. In {Eng. Out | Data

15869.0{ 1349.00) 150.301) 148.305] 0.00000

Date:03/04/88 Carriers Hardware Page:6- 51

! - : i
IFacility:Multiple Experiment Processing Furnace Acronya:MEPF !
] |
] 1
1Step Nuaber| Step Description ! Step ! Crew | Power | Thersal {Data RateiVideo! Cosments i
jmmmmm—————- i Tise(min) !Time(sin)! (kW) } (kW) | (kbps) iKey Li ]
! Used for | H + \ + + ! 1 I
1 this & Total Run!Tot. CrewiEnergy IniEner. OutiTot. Data: !

iCarrier Y/N! ITine(nin) ! Tise(nin) (kW Hrs.} (k¥ Hrs} iDwn.(k8) | H :
::::::::::::f::::::::::::::::::::::::::::::::::::*:::::::::‘f:::::::::4’:::::::::"’::::1::::f:::::::::*::::/:::::::::::::::::::::2:::}
18.0 ! Clean equipsent. -6~ -0 1-0- i-0- -0~ Y -0 ¢ These steps will be |
fmmmmmmmn ! ! + + + + +  iperforsed at the end of |
] 1 : i : ! ! ! ithe 90 day missiom or |
! NO ] ! 15749.0) 1229.00) 0.00000) 0.00006! 0.60000 iwhen needed. '
i H ! H ' ] i . i
] + + + + + + $----t |
18.1 i Clean equipment as needed. ! 30.0000; 30.0000{ 0.00000{ 0.00000;-0- 10 i
| . ! 1 + + + + + t ]
S T T ;
4 NO 1 ! 15779.0¢ 1259.00! 0.00000; 0.000001 ©.00000; H

i ' ! H H i : . j
i Y é i 4 4 4 e 3 1
i + } ; ¢ 4 + P— !
18.2 i Secure equipsent as needed. ! 90.0000; 90.0000; 0.00000! 0.00000;-0- 1 -0}

| I ) ] 4 + 4 $ + 1 i
\ i \ | . \ ; D 5
I t ' § 1 . ) ' i 1
! NO H b 15869.0f 1349.00! 0.00000; 0.00000; 0.00000: i !
' i H i : ! H Voo ;
! 3 # $ $ 4 $ P !
+ ) 1] 1 ]
] H + 1 ]
: ! i
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Acronya:NFF-1

iFacility:Norsal Freezing Furnace-1
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Crew |
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Acronys:NFF-1
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Step

]
1

Step Description

{Facility:Norsal Freezing Furnace-|

1
1

Date:03/04/88
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Functional Flow
Analysis of the Cossercial
Carriers Hardware

Acronya:NFF-1

Date:03/04/88

'Facility:Normal Freezing Furnace-!

Cosgents

1
i
]
]
1
1

ey 1!

'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Datai
'Tise(min) Tine(sin) ! (kW Hrs.)! (kN Hrs) iDwn.(k8)

! (kbps)

(kn)

H
1
4
T

Power | Thermal |Data RateiVideo!
(kW)

——
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X =t
®» -
ey —
[ I "]
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3 4 D ©
w iy
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z2zzszészzasooccd
30.0000:~0-

$zzzczzzccd

+
!
1

These steps will be
tacoaplished prior to each
1and every run.

Processor = 350 W

i -0
O

FS
b 4
]
]

0.000001

+
T

[]
(=4
1

0.00000!

0.00000:-0-
0.00000;~0-
0.35000:-0-

{-g-
1-0-

0.00000:
0.00000;
0.00000
0.350001

1--

150.000:
10.0000:
10.0000;
1.00000;

1-0-
1-g-

30.0000
440.000;
10.0000:
10.0000!
1.00000}

1-0-
[}
1
{-0-

——————

]
H

Connect required interaces to

-e=mme=--==r3ck.
Review experiment.

Review experimental procedures.
Secure all connections and seals.!
Turn-on processor controller,

Move sample into the furnace.
-=--—--——-=!power conditioner, heater controller:

Secure furnace.
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]

88

Functional Flow
Analysis of the Comsercial
Carriers Hardware

Page:6- S6

]
1Facility:Ne

raal Freezing Furnace-1

Acronym:NFF-1

]

iStep Number; Step Description ! Step | Crew | Power | Thersal {Data RateiVideo) Comaents
Jommmmmmeee : ‘Tise(min}iTime(ain)} (kW) | (kW) | (kbps) iKey li

! Used for g + t + + i '

i this |} iTotal RuniTot. Crew!Energy IniEner. OutiTot. Datai '

iCarrier Y/N! 'Time(min) | Tise(min) ) (kW Hrs.)!{kW Hrs) Dwn.(kB) ! |
::::::::::::’::::::::::::::::::::::::::::::::::::*::2::::::f:::::::::f:::::::;:":::::::::4‘:::::3::21’:31:/:::::::::::::::::::::::::
14.1.4 ! Run process to grow crystal. ! 7920.00! 660.000) 0.85000) 0.85000! 8.00000! -0 ! Power equal heat loss
jommmm—————- H ! + + + t +  iplus SEE 3.2.2

i i 1 H g ] i N

i YE H Y 9928.00) 906.0000 112.200) 112.200) .38016E7! !

' i H i i i ] S

: + + + 4 + + fomnnt

14.1.5 ' Turn-off furnace and allow it to | 150.000! 12.0000! 0.35000! 0.80000! 8.00000{ -0 | Heat rejection start at
S tcool-down. ! + + + t + 12500 W decreasing to 350
i H H ! i i i H iW at end of period
PoYe | 10078.0! 919.000) 0.87500; 2.00000i 72000.0! !

i H H H H H 4 .

! $ # + } } + R -—-
14.2 ! Run end. 1-0- -0~ 1-0- -0~ 1-0- 101

lommne ! ! + + + + + !

i H H H ! i ! Voo

R ! 10073.0} 918.000} 0.00000} 0.00000} 0.00000: !

i H H ' H | i .

] 3 4 3 4 r 3 e 4

! $ + $ 4 + ; PO

i4.2.1 ! Disasseable furnace as required | 120.000{ 120.000} 0.35000{ 0.35000:-0- 1 -0 SEE 3.2.2
jemmemmmee Ito resove sodule. H + + + + +

! i H ] ' ! ' I

H Y€ H ! 10199.0f 1038.00) 0.70000! 0.70000: 0.00000: :

] H H I ] i ' N

] $ 4 4 $ 4 3 3 .

! 4 $ } + + 4 o

14.2.2 ! Move ampoules fros heater sodule | 20.0000! 20.0000{ 0.35000{ 0.35000:-0- 1 -0 SEE 3.2.2
jememmemaae- ito glovebox. H + \E + + +

H ' H 4 i ] i N

H YE H ! 10218.0) 1058.00! 0.11667) 0.11667! 0.00000; i

i H H H ' ; : S

: + + + + + + + +

14.2.3 \ Turn-off controller. ! 1.00000 1.00000: 0.00000% 90.00000}-0- HE

jommmmmmme— H | + + + + +

; ; ; H i ' H ' ;

booYE ! 10219.0! 1059.00! 0.00000; 0.00000{ 0.00000i !

i H H H i ! : R

i + + + + * + +----4

i5.0 \  Package aspoules in shock ! 30.0000! 30.0000;-0- i-0- 1-0- i -0 1 These steps will be
jmmm——————— Iresistant containers for return to | + + + + $ ideleted froa the I0C
' tearth. i 1 g i ] H inission analysis.

; NO H ! 10249.0¢ 1089.00) 0.00000! 0.00000! 0.00000; H

H : : H H i ' I

] + + + + + } $ommnt
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t
!
{Facility:Noreal Freezing Furnace-1 Acronym:NFF-1
1] -
]
iStep Number! Step Description ! Step | Crew ! Power | Thersal iData RateiVideo! Comsents
frmmemmmaans ! iTise(nin) ! Tise(nin)! (kW) | (ki) ! {kbps) IiKey 1|
| Used for | ' + + + t H H
i this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Datal !
iCarrier Y/N! iTime(min) {Tine(nin) ! (kW Hrs.)!{k¥ Hrs) !Dun.(k8) ! '
::::::::::::f::::::::::::::::::::::::::::::::::::&:::::::::+:::::::::+:::::::::+:::::::::+:::::::::f::::/:::::::::::::::::::::::::
15.1 i Remove ampoule from furnace 1 10.0000; 10.0000! 0.00000; 0.00000{ 0.00000{ 0 i -0-
{mmommomemes isodule and translation device. ' + t + + o
H H ! H ! ] i HE
PN | 10259.0! 1099.00, 0.00000; 0.00000; 0.00000; |
: H ! H H H H b
1 FY s 3 $ 4 4 4 4
! + $ $ ¢ $ } TR
16.0 i Run characterization. 1-0- 1-0- 1-0- -0~ 1-0- i -0 | These steps will be
] ' + t + 4 +  iperforaed during the I0C
i H ' i H H H 1 iperiod
PN | 10259.0f 1099.00; 0.00000} 0.00000! 0.00000{ !
H H H H H ' i H
i é i 4 'y i Fy i 'y
! + + } + } 4 O
i6.1 { Review and analyze product. 1-0- 1-0- i-0- i-0- i-0- 1 -0 |
ommmmmmeea- i ] t + + $ +
? ! 5 : ! : : o
' NO H i 10259.0% 1099.00! 0.00000; 0.00000: 0.00000! '
' ! H H H H H oo
] + $ $ + $ $ T -
16.1.01 i View and photograph boule through! 10.0000! 10.0000{ 0.00000; 0.00000i-0- 1 =01
jmmmmmm———— iwall of ampoule. H + + + + +
i - i ! ! ' i I
H NO H i 10269.0¢ 1109.00! 0.00000; 0.00000; 0.00000; i
: : ! H H H H HE
' + $os $ + + + $mmemt
16.1.02 i Disasseable ampoule and remove | 30.0000¢ 30.0000i 0.20000 0.20000}-0- i =0 | Glovebox = 200 W
jmmmmm————- iboule fros ampoule. | ¢ + + + £
i H { ! H H 1 P
' NO b 1 10299.0f 1139.007 0.100060i 0.10000; 0.00000; :
' i ! H : ! ' .
! + + + + + 4 $----t
16.1.03 i1 Operate etching equipment to etchi 30.0000{ 30.0000i 0.20000; 0.20000;-0- 1 -0 1 Glovebox = 200 W
jmomemmmme—- igrowth residue from product. i t + + * +
1 i ) ) ] ! ] I ]
1] ] 1 1 1 1 ) 1 ]
H NO H i 10329.0% 1169.00/ 0.10000; 0.10000! 0.00000; H
g H ' H H H H I
16.1.04 i View and photograph product. i 10.0000; 10.0000; 0.20000; 0.20000;-0- i -0} SEE S.1.3
R et : | + + + + + )
E | o : o
PN | 10339.0) 1179.00} 0.03333; 0.03333} 0.00000i |
i H ] b : ! ! N
] 3 4 3 4 4 é 4. 4
! $ $ } t ¢ O
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1

iFacility:Norsal Freezing Furnace-1 Acronym:NFF-{

]

]

'Step Number! Step Description ! Step | Crew | Power | Thersal iData RateiVideo Cogments

]

t

! Used for 1

i this

iCarrier Y/Ni
t
]

Tise(ain} ! Tise(nin)} (kW)

3

(kw) | (kbps) ey L

3
L4

*

T

‘Total RuniTot. CrewiEnergy IE}Ener. QutiTot. Data
'Tine(sin) ! Time(sin) ! (k¥ Hrs.)} (kW Hrs) iDwn.{kB) |

:::::::::::: ::::::::::::::::::::::::::::::::::::‘f:::::::::*:::::::::*:::2:::::f:::::::::f:::::::::*::::/:::::::::::::::::::::::::
16.1.08 ! Operate mass seasuresent device | 20.0000% 20.0000i 0.22000) 0.22000{-0- ! -0} Glovebox = 200 W; Mass
T 'and measure mass of boule. H + $ + t +  |measuresent = 20 W
1 [} [] ] [ ] ] 1
] [} ] ] ] 1 1] ] !
] | ! 10359.0! 1199.00! 0.07333! 0.07333} 0.00000i
i H H g H : i HE
1 i 4 : 1 ' I Y 3
! + + + } $ + pammnt
16.1.06 ! operate disensional device to | 10.0000} 10.0000i 0.20000: 0.26000}-6- i -0} SEE 5.1.3
fommmmmmen- 'aeasure physical disensions of ' + + + + o
i tboule. H ! | ! H ! !
i NO | ! 10369.00 1209.00! 0.03333) 0.03333i 0.00000: |
i ] ' g ! ' H I
! $ + + } } ¢ vt
16.1.07 ' operate cutting unit to slice | 40.0000i 40.0000: 0.95000! 0.95000}-0- 1 -0 1 6lovebox = 200 ¥;
jommmm—————- isasple wafer fros boule. | + + + + +  |Cutting/Polishing = 750 ¥
] t [ ) ] ] ] ] ]
] ] ] H ] ] ] ] ]
H NG H ! 10409.0) 1249.00) 0.633331 0.633331 0.00000} H
! i i ' i ! ! I
] i 4 e d i 4 4 i
! % + ; ¢ } + p--—-t
16.1.08 ! View and photograph wafers. ! 10.0000! 10.0000) 0.20000! 0.20000;-0- ' -0 SEE S.1.3
S, i ! + + } + + H
: E E } : ! : 1o
iOND i ! 10419.0! 1259.00! 0.03333) 0.03333i 0.00000% |
i H ] H H ' o oo
! 4 'y d é 3 $ 3
! } 4 + + + 4=t
16.1.09 ' Operate polishing device to ! 40.0000% 40.0000¢ 0.95000! 0.95000:-0- 1 -0 SEE 5.1.7
e 'polish wafers. ! + $ $ + + .
i i H g i ; t ! {
] NO H ! 10459.0! 1299.00) 0.633331 0.63333 0.000001 H
! H i H i i 1 ' '
! + + 4 4 + $ ommnt
16.1.10 ! yiew and photograph wafer using | 40.0000! 40.0000{ 0.15000 0.15000}-0- ! -0t Microscope systes = 150
fommmmmmoee- laicroscope systes. i $ + + + + W
g ' 4 i : ! H i ]
! NO ' ! 10499.0) 1339.00! 0.10000! 0.10000! 0.00000: i
' ! ' H ' ! H ] |
] d i 4 i i 4 1 ry
! 4 + $ + $ + fummnt
16.1.11 ! (Qperate etching device to etch | 30.0000} 30.0000: 0.20000] 0.20000}-0- ! -0 Glovebox = 200 ¥
----------- jwafer : + + + + !
i ! H i
! 10529.0f 1369.00 0.10000; !
1 ¢ 1 ]
] 1 1 1

1
i
]
1
t
[}
b
T

)
!
0.10000; 0.00000
i
)

e - ——

+




Functional Flow
Analysis of the Cossercial
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1]

iFacility:Normal Freezing Furnace-l Acronys:NFF-1

i

iStep Nusber| Step Description { Step | Crew | Power | Thersal |Data RateiVideo! Coaments

i

| Used for
i this

iTine(ain)iTine(nin)! (kd) ; (kW) + (kbps} IKey 1!

iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Data! 4
Tise(nin) | Tine(nin)} (kW Hrs.) i (k¥ Hrs) iDun.(kB) ! !

j==3=z=232=23328 ::::::::::::::::::::::::::::::::::::f:::::::::*:::::::::f:::::::::f:::::::::f:::::::::+::::/:::::::::::::::::::::::::
16.1.12 i View and photograph wafer using | 40.0000i 40.0000; 0.12000! 0.12000!-0- i -0 | SEE 5.1:10
fommmeneees 'sicroscope systes. ! 4 + + t o

i i ! H H ' i oo

i N0 H } 10569.01 1409.00! 0.08000! 0.08000; 0.00000; !

' H i H 4 i i N

I 4 3 3 3 3 i $ e

! + + $ } t $enn T

16.1.13 ! Repeat 6.1:11 and 6.1:12 as } 70.0000; 70.0000! 0.18000: 0.18000:-0- i -0 | Avg Power for steps
{mmmemm————- irequired. ! + ¢ t + o

I H ! H ! H 1 N

PN | 10639.01 1479.00f 0.21000{ 0.21000! 0.00000; |

H H H H H i ! .

] 4 i Fy $. d s s i

I T T T A * L4 T A

16.2 i Verify wafer crystal structure. [-0- i-0- 1=0- i-0- 1-0- P00

jmommommmee- i | + + + + +

: : : i i ] ] ] :

i ] ) 1] ] ] i ] i

PN ! 10639.0! 1479.00/ 0.00000; 0.00000; 0.00000; !

' H : H H i ! I

H + + + # + + +----4

16.2.1 ! View wafer using x-ray systes | 180.000! 180.000) 1.50000) 1.50000;-0- 1 -0 1 X-ray systea
jrmmmm————— i (topography) . : H + + + + +  |{topography) = 1500 W
t ] 1] ] ! 1 ) 1 ]

1 i 1 1 ] 1 t ] ]

! NO H i 10819.07 1659.00f 4.50000% 4.50000) 0.00000; i

i H i 1 H H H .

' + + + \ \ + R
16.2.2 i Operate electricalconductivity | 20.0000} 20.0606! 0.15000{ 0.01500!-0- i =0t Electrical conductivity
e iprobe to alyze wafer. ! t + + + +  iprobe = ISNW

1 ] I ] ] ] ) 1 1

I ] t I 1 ] 1 ] I

i ND H 1 10839.01 1679.00{ 0.05000} 0.00500; 0.00000; |

' H H H Y : i I

1 3 4 4 s i 3 4 4 -
16.2.3 | Operate Hall probe to analyze | 40.0000{ 40.0000! 0.50000; 0.50000{-0- ! -0 ! Hall probe = 500 W
jrmmmmmmmeas iuafer. i ¢ + + + o

' : H ! | H H oo

H NO H i 10879.0{ 1719.00; 0.33333) 0.33333} 0.00000; !

H ' ! H H i ' I

! + + 4 4 + + $ommct

16.2.4 i Operater FTIR to analyze wafer. | 40.0000) 40.0000} 1.50000; 1.50000! 0.00000{ 0 | -0-

| S, ] 1 é 4 $ + + 1

: : : t ! [ ] it :

I 1 t ] H 1 ] ] ]

4 NO H i 10919.0) 1759.00f 1.00000; 1.00000 0.00000; !

H H 4 H H ; H P

] s i 3 4 s 4 4 d

! + ; + + + $ TR




Functional Flow
Analysis of the Cossercial

Carriers Hardware

Date:03/04/88

'
'Facility:Norsal Freezing Furnace-1
]
|
]

Acronym:NFF-1

Coaments

Power | Thersal iData Rate!Videoi

Crew |
Tise(nin) ! Tine(sin}} (kW)

Step

Step Description

Step Nusber
| S —

(kbps) iXey 1
!

(k) 1

1
1
t

Used for

this
iCarrier Y/N

'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Data:
1Tine(sin) {Tine{nin)} (kW Hrs.)}{k¥ Hrs) |Dun.(kB) |

$zzzzzzzzsd

$z=

szzzzoscoéozsozoizs

$szzzzzzzcd

1-0-

Review data.

2322

i7.0

I

4
hd

- 10— 0

1-g-

[}
!

These steps will be
iperforaed for both the
'16C and Growth aissions.

30.0000! 0.200001 0.20000:-0- ! -0 | Glovebox = 200 W plus
1301

30.0000:

Secure and store products.

1789.00} 0.10000! 0.10000; 0.00000;

10949.0:

i-0- i-0- 1=0- i-0-

-0~

Review post experiment data.

30.0000:

0.00000}-0-

0.00000:

30.0000:

Verify data as required.

30.0000! 0.00000} 0.00000:-0-

30.0000}

]
t

Verify correlation of
-mme——--=-layperisental paraseters to results. |
]

t
t
t
1
1
1
|
]
1
[}
1
H

b
(=
@ b
0 T o
(=3
lem
—
vt Qe
= W0
s N
w “—
o = ;. .
a o =
Bt > O
w e o v
[ = ]
a -
0 = e
@ O o
£ e
_— e @ @
LI T -
a + X
—— e e - ——
o
1
—— e m——
[—4
[—3
(=4
(=4
L]
1 (=3
(=2
1
e o m———— -
2
b=}
[~}
[~
(—)
1] o
o
1
. e m—m = ——
[—4
<
2
[~3
(=]
.
] o
L)
1
- —— o o
(=4
o
.
(=
b4
o
[] ——
[~
1
e e o e -
o
.
(=03
0
(=2
—
[ omand
[—]
1
—— e m———
.
—t
=
-
-
o
-
=
-4
@
=
©
head
—
(=]
———— e = —— e
t
1
1
]
1
t <
“ x
[~ |
.
o !




Functional Flow
Analysis of the Comsercial

Date:03/04/88 : Carriers Hardware Page:6- 61

H t
] t
iFacility:Normal Freezing Furnace-) Acronym:NFF-1 :
¥ t
] 1
iStep Nuaber | Step Description | Step | Crew | Power ! Thermal |Data Rate)Video! Comsents H
e H iTine(sin)iTise(nin)! (kW) | (kW) ! (kbps) IXey 1! !
i Used for | H + + + + ! i i
1 this | iTotal RuniTot. CrewiEnergy IniEner. Out!Tot. Data! H H
iCarrier Y/N! iTine(min) ! Time(min) | (kW Hrs.) | (kN Hrs) !Dwn.(k8) ! ! H
::::::::::::+::::::::::::::::::::::::::::::::::::f:::::::::*::::Z::::f:::::::::f:::::::::+:::::::::+::::/::::::::::::::::::::::::::
18.1 i Clean equipsent as needed. 1 30.0000) 30.0000{ 0.00000! 0.00000)-0- i -0 i
jommmemmee-- H | + + + + + |
' H ' H H H | i i g
. ] H i 11099.00 1939.00{ 0.00000) 0.00000; 0.00000! ! :
' H 4 H H 1 i ! i :
! 4 1 + . + foment !
8.2 ! Secure equipment as needed. 1 90.0000; 90.0000! 0.00000! 0.00000!-0- i -0} 1
| i ! + + $ + 4 i 1
; ; ; H H i ! ! ; ;
PN ! 11189.0! 2029.00; 0.00000} 0.00000! 0.00000! | !
] | H H i ' ! o |
! 4 4 4 3 3 ey $ e i
! $ } ¢ $ $ $ $ommnt !
4 ! H !
1 t
1 ]

TOTALS  [Run Time {Crew TimeiEng.-In !Eng. Out ! Data
i 11189.07 2029.00! 143.981) 144.086! 0.00000!
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Functional Flow
Analysis of the Commercial
Carriers Hardware

Page:6- 62

!
'Facility:ORGANIC AND POLYNER CRYSTAL GROWTH FAC.
i

Acronym:OPCGF

1

1Step Nuaber
: ...........
! Used for

| this
‘Carrier Y/N

Step Description

! Step | Crew

!Tile(nin):Tine(nin); (k) 1 (kN) i (kbps) ikey 1

'Total RuniTot. CrewiEnergy IniEner. OutiTot. Datai
'Tise(nin) ! Tise(nin) (kN Hrs.)} (k¥ Hrs) 1Dwn.(KkB) i

b

T T *

power | Thermal !Data RateiVideo! Coaments

/
11.0 GROUND BASED ACTIVITIES. 1-0- 1-0- ! 0.00000! 0.00000! 0.00000i N i -0-
S H + $ + + t
— N
. ; ! 0.00000! 0.00000; 0.00000} 0.00000: 0.00000! :
: : A
: + + + + + + poomt
i2.0 ! REVIEW EXPERIMENT PROCEDURES ! 30.0000 30.0000; 0.00000: 0.00000; 0.00000} N | -0-
e ' : + + + $ +
S S
] i ! 30.0000! 30.0000; 0.00000! 0.00000: 0.00000! i
: : A
[} + 11;:11.
! + + + + + + ¢ +
i2.1 ! INSTALL UNIQUE EQUIPMENT IN ! 30.0000! 30.0000: 0.00000; 0.00000: 0.00000! N | OBSERVE FUNDAMENTAL
PRS- 'FACILITY ! + + + + +  SAFETY PROCEDURES
[} i Plllll!
! 1 Illllll
i N i ! 60.0000! 60.0000; 0.00000; 0.00000: 0.00000} i
i i i i i ! : .
i 4 F P | 4 bom-—d
12.2 ! INTERFACE EQUIPNENT IN MID-DECK | 30.0000: 30.0000¢ 0.00000! 0.00000; 2.00000: N | -0-
jommmmmmmn ILOCKER(S) ' + + + + +od
! ! N O T
PN i ! 90.0000; 90.0000; 0.00000: 0.00000: 3600.00: -
: : A
! $ LLLLLLI
12.3 ! INSERT THE EAC(S)INTO FACILITY | 5.00000: 5.00000; 0.75000:-0- i=0- I
jommmmmmmm=- 1RACKS ' + + + + +
! ! A N O T
i N0 : ! 95.0000! 95.0000; 0.06250: 0.00000; 0.00000: i
: : A
! 4 + 4 + ' + $ommmt
13.0 ! PREPARE FOR EXPERIMENT RUN(S) ! 10.0000' 10.0000) 0.00000: 0.00000i 0.00000i N S
jomee - YREVIEW STARTING PROCEDURES i t + * * +
] 1 Illl!ll
' 1 Illllll
v E i ! 105.000! 105.000! 0.00000) 0.00000; 0.06000! |
3 I ' i i i i b
| $ LLllLL1
! + + + + + $ pmemmt
13.1 ! RUN MASTER CONTROLLER SYSTEM AND | 5.00000i 5.00000! 0.12500! 0.12500! 0.00000i N i -0-
jremmmmm———e SINTEGRITY TEST PROGRAMS i + t + t +
] ! lllllll
] t lllllll
i1 i ' 110.000} 110.000; 0.01042i 0.01042; 0.00000 g
S i i i i i : o
] 4 U U VNI Pl SRR DEELS
] ) TY"YT’
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iFacility:ORGANIC AND POLYMER CRYSTAL GROWTH FAC.
i

Acronym: OPCGF

1

iStep Nuaber
! Used for

i this

Step Description

Step | Crew | Power

'Tise(win) ! Tise(nin)! (kn) ;

$

Thersal iData RateiVideoi

Comments

(kW) | (kbps) ey I}

T

) v v 1
'Total RuniTot. CrewiEnergy IniEner. OutiTot. Datai

iCarrier Y/N 'Tise(nin) | Tise(nin) ! (k¥ Hrs.)!{kW Hrs) iDun.{k8) |
1szzzszzzzz:z zzszz=zsscssszzzszazssszssszszzzzsszésszzzzzosésssIsszasdsscszsssséoscsossszdszzzizzzsészzzfszzozzzzszszsszzzoioizao
14.0 ! BEGAN EXPERINENT PROCESS RUN AND | 2.00000} 2.00000i 0.12500! 0.12500}-0- [N | -0-
jommmmmeaee VINTEGRITY TEST PROGRAMS | + ' } + £

1] i 1 ] i ] ] [ 3

] ] 1 1 H ¥ ] ] ]

i YE H ! 112.000f 112.000: 0.00417) 0.00417) 0.00000; !

H 4 H | ! i i oo

! ¢ + $ $ + + + +

i4.1 i INPUT PROCESSING PARAMETERS ! 5.00000f 5.00000{ 0.12500{ 0.12500{ ©.50000i N | -0-
jmmmmmmmoms i ' ' + + $ + £

' H ] 1 . : : I
by | 117.000f 117.000; 0.01062} 0.01042) 150.000) !

] H H H H : g .

1] 'y 3 Fy 'y 4 4 'y 3

! 4 + + + + ¢ T |

14.2 i BEGAN HEAT UP PHASE i 30.0000}-0- ! 0.20000/ 0.06000; 0.50000{ N | -0-
. i ! + + + $ + !

5 | R
bOoYE | 147.000) 117.000) 0.10000} 0.03000; 500.000i !

i H ] H H H ' HE

i 'y ry s 3 4 3 Y e

! + ¢ ' i + ; T

14.3 ! HEAT UP TO REQUIRED TEMPERATURE | 40.0000) 40.0000) 0.40000} 0.12000{ 0.50000; N | -0-
jrmmmemnmn— H ' + $ + + t

: : : " 1 ! ' ' ;

I 1 H 1 i ] ] 1 ]

i YE ! ‘ ! 187.000¢ 157.000! 0.26667; 0.08000) 1200.00; H

H H H H ! ! ' HE

! + + $ + + + $o-mt

14.4 ! MAINTAIN REQUIRED TEMPERATURE i 11520.0¢-0- ! 0.15000{ 0.04500! 0.50000i N | -0-
jommmm———- UNTIL PROCESS IS COMPLETED H t + + + + :

] 1 ] 1 ] ] ] 1] t

1] 1] ) ] ] H 1 ] 1]

i YE H i 11707.0f 157.000) 28.80007 B.64000! 345600.. H

i H | H H : ! .

14.5 ! END PROCESS RUN, ALLOW SYSTEM TO | 60.0000;-0- i 0.12500% 0.65000f 0.50000{ -0 } -0-
jmmmmmmmmm-- 1C00L : + + ¢ + t

] ] ] ] E 1) ] ] ]

1 ' 1 1 H t ! ! !

I { 3 H ! 11767.0) 157.000) 0.125001 0.65000} 1800.00f

i : i H H H H g '

i Fs 'y Fy 3 Y 4 4. 4

] T T hd T T T T L4
4.6 i REMOVE MODULES FROM FACILITY RACK: 30.0000) 30.0000i-0- 1-0- 1-0- 1 -0 -0-
jmmmmm=e--- 1AND STOW. : + + + + +

H H ] H i i i .
POYE | 11797.0{ 187.000{ 0.00000{ 0.00000! 0.00000; !

i i H H H i i P

1 3 4 3 3 + Y i 4

! $ t + } $ $ -

H TOTALS  iRun Time Crew TimeiEng. In iEng. Out | Data |

! }11797.0F 187.000) 29.3792% 9.42500/ G.00000%



Cosments

szzzzssssézzoszzozoéssIz
1-0-

Power | Thermal |Data RateiVideol
i-0-

Functional Flow
(kW)

Analysis of the Commercial
$szzz22s2:z¢
1-0-

Carriers Hardware

Crew

Time(nin) | Tine(sin)}

Acronys:PVT0S

#$2zzzzzs
I-0-

Step
'Tine(nin)iTime(min) ! (kW Hrs.)i (kN Hrs) !Dwn.(kB) i

!Total RuniTot. CrewiEnergy IniEner. dutiTot. Datai

1-(-

+

Step Description
GROUND BASED ACTIVITIES.

this
Carrier Y/N

Date:03/04/88

.0

'Facility:PHY. VAPOR TRANSPORT OF ORGANIC SOLIDS
1

IStep Nuaber!

i Used for

i
1

—— -
e w4
[~
(=3
=
<
o
(—]
o m—
L4
[—3
[=4
=]

(=)

.

o
B T

(=3

(=3

(=]

(=]

<

.

(—)

d e m— —— g

L2

(=)

=1

(=3

o

.

(—]

B L
=

=]

(=]

(=1

[—]

.

o
R T
————————

]
[}
(]
]
3
] =2
] =
[}
]
[]
1

1-0-

30.0000:-0-

30.0000;

i
1

REVIEW EXPERIMENT PROCEDURES

2.0

_—— e e e
- = - A
o
b4
=4
=1
<
o
4 e e
=4
(=]
=4
D
(=1

q
(-]
B T
[
=4
(=4
(=4
(=]
.
o
- m— e
k=4
=]
(=]
(=3
»
(=]
~”
e m —— 4
=4
=]
=1
=4
<
~
— - —— e
———— e ————
[}
]
1
[}
]
] p—4
] =
1
3
]
1

1-0-

{-g-

36.06000:-0-

30.0000;

INSTALL UNIQUE EQUIPMENT IN

.

2

———— e - ——
[ T
(=4
(=
=}
<
o
o
o ——
[—4
(=
[=3
[~
o
o
e e o
[—3
[—4
=3
o
o

.
o
@ m—m— —e
2
=3
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[—4
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3
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oy
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]
1
[]
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[ 2
] x
[}
[]
1
1

!
]
!
¥
L}
1
H
I
1
]
1
1
[}
1
!
]
!
]
t
t
!
i
t
!
t
1
]
]
[}
i
!
¥
1
t
!
1
b
i
t
[}
i
'
]
t
[}
t
[}
]
'

{--

1-0-

30.0000} -0~

30.0000}

INTERFACE EQUIPMENT IN MID-DECK

2.2

—————— -
T
<D
<
(=1
(=1
o

.
o
T dE i
=4
(=3
(=3
p=—3
o
.
o
‘ —— e
=2
= q
[ =4
(=4
(=1
3
o
o m————
<
[ =3
(=4
(=1}
.
L4
o
‘- e me o
=4
=4
=3
(=]
.
=4
o
—— - ——
-3
w
]
(=2
-
—d
—— e ———
]
[
1
1
1
' =
' x=
[
]
t
+

1--

1-g-

15.0000;-0-

15.00001

INSERT THE EAC INTO THE MID-DECK |

<=ee=m-===-1LOCKER(S)

2.3

——————

-+ - —_——

105.000 0.00000; 0.60000; 0.00000;

105.0001

———— e =

NO

]
I
!
t
!
t
1
t
i
!
!
]
[}
!
t
1
i
)
i
b
!
1
1
1
]
|
t
1

—— e —— o

15.0000}-0- i-0- i-0-
0.00000! 0.00000; 0.00000;
RS

120.000:
5.00000; -0~

15.00001
120.0001
5.00000

—— . —— -

PREPARE FOR EXPERIMENT RUN/REVIEN:

-----------1START UP PROCEDURES
RUN MASTER CONTROLLER SYSTEM AND !

~o-eam-===-! INTEGRITY TEST PROGRAM

]
t
t
[}
1

YE
YE

3.0
3.1

I
¥
]
1
]
!
1
H
]
[}




Functional Flow
Analysis of the Comsercial
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t

1

'Facility:PHY. VAPOR TRANSPORT OF ORGANIC SOLIDS Acronys:PYT0S

] -
1

!Step Nusber} Step Description ! Step ! Crew | Power ! Thermal iData RateiVideo: Cosments

]

Tise(ain) | Tise(ain)! (kW) |

(ki) | (kbps} iKey li

i Used for i t ¢ + t 4 !

i this i iTotal RuniTot. Crew!Energy IniEner. OutiTot. Data: i

tCarrier Y/Ni 'Tise(nin) ! Tine(ain) ! (kW Hrs.)! (kN Hrs) IDun.{kB) | !
::::::::::::4::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::f:::::::::*:::::::::f:::::::::‘l’::::/:::::::::::::::::::::::::
4.0 ! BEGAN EXPERIMENT PROCESS RUN ' 2.00000! 2.00060; 0.07000! 0.07000;-0- N -0
S [ ! + + $ ¢ + !

| : | | . | X D

] 1 1 ] 1 H 1 t I

R | 127.000} 127.000} 0.00233! 0.00233: 0.00000: !

: H H H i | ! b

! 'y 3 d d é 4 4 4 -
1 T T T ¥ T T T b

4.1 ! INPUT PROCESSING PARAMETERS ! 5.00000! 5.00000! 0.07000} 0.07000{ 0.50000{ N . -0-
frommmmmoee- | H t $ + + +

; H ; H i ! H i ;

S (3 ! ' 132.000! 132.000! 0.00583; 0.00583! 150.000i |

' H H H H ] H HE

1] $ é 4 i —— é 3 i

! + $ + 3 $ $ pommmt

1.2 | BEGAN HEAT UP PHASE ! 30.0000! 30.0000} 0.13000{ 0.03900! 0.50000: N | -0-
jommmemm——— ! i + + + + +

i H H i ' ] H ' !

booYE ! 162.000} 162.000; 0.06500! 0.01950 900.000: |

' H H ' H d H ! i

1 4 é é é é 4 3 4

! + + 4 § } + pmmmnt

14.3 ' HEAT T0 DESIRED TEMPERATURE AND | 20.0000) 20.0000! 0.09000: 0.02700: 0.50000) N | -0-
}ommmmeeeeee IALLON TO STABILIZE : + 4 ¢ 4 b

' H H i | ! H H i

S {1 . ! 182.000' 182.000! 0.03000) 0.00900! 600.000: !

i | H i i ! ¢ I

! + + t + + 4 fomnnt

4.4 ' MAINTAIN SET TEMPERATURE UNTIL | 11520.0] 0.00000! 0.09000! 0.02700} 0.50000{ N | PROCESSING OF SELECTED
jmmm——————=- 1PROCESS IS COMPLETED | + + + + + 1SOLIDS TAKE PLACE DURING
| H H ! i H H i {THIS PHASE
H YE H ! 11702.00 182.000) 17.2800! 5.13400 345600.1 H

' H H i i g H H i

4.5 ! END PROCESS RUN ALLOW SYSTEW TO | 60.0000! 60.0000! 0.07000i 0.21700i 0.50000i N : -0-

e == 1C00L ' ¢ ¢ + + o

i : i : H i H i H

i YE H ! 11762.0! 242.000% 0.07000} 0.21700: 1800.00; i

! H i H g H H .

] 4 'Y 3 n Fy 3 Iy 4

14.6 ' REMOVE EAC(S) FROM MID-DECK ! 30.0000{ 30.0000:-0- -0~ -0~ V-0 -0
jmmmmmmme——- 1LOCKER(S) ' + + + t +o

H 4 i : ! : H I

PooYE ! 11792.0! 272.000, 0.00000{ 0.00000! 0.00000: !

1 ] 1 ] t ] ) ] ]

i b ] 1 ] 1 ] i 1




Functional Flow
Analysis of the Commercial

11792.01 272.000 17.45327 §.43767: 0.00000;

Date:03/04/88 . Carriers Hardware ' Page:6- 66

] !
t 1
{Facility:PHY. VAPOR TRANSPORT OF ORGANIC SOLIDS Acronys:PVT0S i
] i
] ]
i1Step Number! Step Description ! Step | Crew | Power | Thermal Data RateiVideo! Coasents '
frmmmm————-- ! iTise(nin) {Tise(ain})i (kW) | (kW) | (kbps} iKey I} )
i lsed for | H + + t + ! ! |
i this | iTotal RuniTot. CrewiEnergy IniEner. OutiTot. Datal H '
iCarrier Y/N! iTime(nin)!Tine{nin)! (k¥ Hrs.)! (kW Hrs) Dwn.(kB) ! ! !
::::::::::::f:Z::::::::::::::::::::::::::::::::::f:::::::::f:::::::::*:::::::::*:::::::::"’:::::::::4‘::::/::::::::::::::::::::::‘.':::
14.7 ! STORE EAC(S) MODULE(S) FOR RETURN:-0- 1-0- i 0.00000;{-0- 1-0- ‘N -0

jmmm————- 170 GROUND i + + + ¢ + !

i i ] i i i i N '
! YE ; i 11792.0% 272.000f 0.00000} 0.00000: 0.00000: i H
' i i H ! : H N '
! ¥ $ + + + $ $mmmet !
H TOTALS  [Run Time iCrew TimeiEng. In IEng. Out | Data | i
] ] ] t
1 ] ]
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1

IFacility:Protein Crystal Growth IV Acronya:PCG-1V

]

]

1Step Nusber | Step Description ! Step | Crew | Power | Thersal !Data RateiVideo! Comments
e ! iTime(nin)!Time(ain)! (kW) | (kW) | (kbps) iKey L}

! Used for | i + 4 t + i :

i this ) Total RuniTot. CrewiEnergy InjEner. OutiTot. Data! i
iCarrier Y/N} Tise(min)|Tine(nin) | (k¥ Hrs.) i {kW Hrs) {Dun.(k8) ! !
::::::::::::f::::::::::::::::::::::::::::::::::::f:::::::::+:::2:::::"‘:::::::::*:::::::::f:::::::::f::::/::::::::i::::::::::::::::
1.0 ! Ground based activities. i-0-  i-0- | 0.00000! 0.00000{ 0.00000{ -0 { -0-
jrmmmmmmmeae : ' + + + + +

; ; ; i H : ' : ;
PN | 0.00000; 0.00000; 0.00000 0.00000 0.00000! !

! H ' : H i ! .

! + + + + + + pommnt

12.0 i Initial setup. i-0- i-0- i\ 0.00000¢ 0.00000} 0.00000) -0 ; -0-
e H H ¢ + + + + !

| ? R
PN | 0.00000! 0.00000} 0.00000} 0.00000; 0.00000{ |

: ] i ' H i H HE

] + é 3 4 s i i

! 4 } $ + t + TO—

12.1 ! Transport facility from resupply | 120.000! 120.000: 0.00000) 0.00000! 0.00000f -0 { -0-
[mmmmmm————- isodule and interface to carrier i + + t + +

' tlocation. ' ] H ' i N
PN | 120.000{ 120.000; 0.00000} 0.00000; 0.00000; |

i H i : H H ! P

i $ s 3 $ Y 4 4 3

1 T T T t T T T hs
2.2 ' Secure facility in place for ! 30.0000{ 30.0000! 0.00000{ 0.00000% G.00000! -0 | -0-
jmmmmm=———- ioperation. i + + + + +

H H ' H HE. H H N
PN | 150.000f 150.000/ 0.00000; 0.00000: 0.00000} |

| H H H H P .

1 3 % 3 3 4 i Fy 4

! ¢ + ¢ 4 } } IR

12.3 i Verify proper connections and | 10.0000! 10.0000! 0.00000! 0.00000! 0.00000} -0 } -0-
R icheck for leaks ' + + + + +

' H ! ! H ! i P
PN ! 160.000! 160.000} 0.00000! 0.00000{ 0.00000i |

: ! ' ! ! H ! oo

H + + + + 4 + $m=mnt
12.4 i Review experiment procedures. | 15.0000{ 15.0000! 0.00000i 0.00000{ 0.00000; -G { -0-
| S ! ] 3 i 1 Y i ]

; E ; ! H i i H ;

H NO H ! 175.000! 175.0006) 0.00000! 0.00000! 0.00000: i

? H ! ! 1 i ' P

i $ 4 $ 4 < Fy 3

1 T T T T T T t T
12.5 i Turn on PCG-IV main power switch.! 1.00000/ 1.00000¢ 0.08000! 0.08000/ 10.0000¢ -0 i -0-
jrmmemm—m——— H ' + + + + +
A T
PN | 176.000f 176.000; 0.00133; 0.00133} 600.000! !

] H ! H H d H N

] 4 r rs 3 s 4 4 3

! } 4 } ¢ t TR
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] 1
\Facility:Protein Crystal Growth IV Acronya:PCG-IV i
] ]
] 1
1Step Nusber: Step Description ! Step | Crew | Power | Thersal iData RateiVideo Coasents i
e ! 'Time(sin) !Tise(nin)! (kM) | (kW) | {kbps) iKey li '
| Used for | i ¢ + + + i | '
i this | Total Run!Tot. Crew!Energy IniEner. OutiTot. Datai ! !
‘Carrier Y/N! ITine(sin) | Tine(sin) ! (ki Hrs.)i (kW Hrs) {Dwn.(kB) | ! :
;:::::::::::*:::::::::::::::::::::1::::::::::::::+:::::::::4:::::::::*:::::::::*:::::::::f:::::::::f::::/::::::::::::::::::::::::::
i2.6 ' Turn on saster controller and run! 5.00000{ 5.00000! 0.06000; 0.06000 10.0000) -6 | -0-

o isystea integrity H + + $ t + i
i i ! H | i i I i
i NO 4 ! 181.000% 181.000! 0.00500) 0.00500! 3000.00; ! i
' ' ' i ! i g I i
' $ + t + t * $---=t i
12.7 ! Disengage launch locks on sasple | 5.00000; 5.00000: 0.06000! 0.06000;-0- 1 -0 -0-

R ipreparation sechaniss and trays. ! + + + + + i
i H 4 H i H H I 1
! NO ! ! 186.000! 186.000! 0.00500: 0.00500! 0.00000} i H
i ' : H : H ' b i
t i 4 ry 4 L i 4 d b
! } } } + + % — !
13.1 ! 1Insert cartridges of sample ! 20.0000! 20.0000) 0.06000) 0.06000!-0- V-0 -0-

Jemeeemmeae isolutions, salts, PH buffer ! + + + + + i
i isolutions, etc. into the reservoir | H ! i H { ! !
: YE ilocations. ! 206.000¢ 206.000) 0.02000; 0.02000{ ©.00000: H :
] ' : H H H i . i
] $ i Py 3 3 $ 4 Iy i
! $ } + } } + $----t ,
13.1 ! Insert cartridges of sample 1 90.0000! 20.0000) 0.06000! 0.06000{ 10.0000; -0 ; -0-

fomommomama- 'solutions, salts, PH buffer ' + + -—==t + + i
' 'solutions, etc. into the reservoir | H 1 g i H ! i
| YE tlocations. ! 296.000! 226.000) 0.02000{ 0.02000; 12000.0 H 1
i i i ! H i ' HE i
] § $ + $ + + foment !
13.2 ! Adjust the optical systes and | 15.0000f 15.0000; 0.06000: 0.06000! 10.0000} -0 { -0-

i 'verify proper tray coding and ! + + # + ¢ ' {
; jorientation. ' 4 i : i : i '
H YE i ' 241.000! 241.000} 0.01500! 0.01500{ 5000.00: ! H
: g i i ! i i I ;
: + + + + + + + + :
13.3 ! Trun on the Thersal control ' 10.0000! 1.00006! 0.16000; 0.16000{ 10.0000; -0 | -0-

jmemmm—————- ‘systea and allow to stabilize at runi + + ¢ + + :
! itesperature. i ] H i i | i i
H YE ; ) 951.000! 242.000) 0.02667) 0.02667% 6000.00! ! i
' ! ' H i i : R i
! + 4 $ + $ 4 $emnt '
4.1 ' Run pre-programsed sample mixing | 60.0000} 10.0000: 0.20000; 0.20000: 10.0000} -0 | Duration of this step |
jrmmmmm————— 1and loading. H + + + ¢ + 1is a function of the i
: H H | ' ! ] ' inusber of samples to be |
H YE : ! 311.000f 252.000% 0.20000) 0.20000% 36000.0: iprepared. !
' ' ! ' ! i i Voo i
! ¢ + } + ¢ + $ommmt !
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]

1]

iFacility:Protein Crystal Growth IV Acronya:PCE-TV

]

]

1Step Number! Step Description ! Step | Crew | Power | Thermal iData RateiVideo; Cosments
jrmmmem————- ! iTise(min)!Tise(min)! (kW) | (kW) | (kbps) IKey Li

| Used for | i + + ¢ + i |

! this | !Total RuniTot. CrewiEnergy InjEner. OutiTot. Datal ]

iCarrier Y/N! iTise(sin)!Tine(win)| (kW Hrs.)i (kN Hrs) iDwn.(kB) | '
VszzzzzzzzzzézzszzzzszzsssazszsssszszzzzzzszzzsizésazzszzosécssszssozészszzzzzséscsssssosészsszzzaséoszzfIzszoozzzzosizzzzzoooccas
14.2 ! Turn on video for selected saaple! 1.00000! 1.00000{ 0.22000{ 0.22000} 10.0000; M1 | -0-

R an iviewing. i ¢ + t + o

' H ! H ' i H .

PO | 3120001 253.000) 0.00367! 0.00367i 600.000{ |

i H H { i i : oo

1 F i 4 3 4 3 Fy 4

! } + $ } + $ omnnt

14.3 ! Run the crystal growth sequence. ! 7000.00) 60.0000) 0.20000) 0.20000! 10.0000! M1 ! Duration is sasple
. ! R ! + + + + +  idependent and may be such
i i H H H H ' 1 tlonger for many sasples.
' {3 H }7312.000 313.0007 23.33337 23.3333% .42000€7; !

] H i H i ! H P

] 4 + + + + + PR --
i4.4 i View and photograph selected ! 20.0000; 20.0000i 0.15000! 0.15000{ 10.0000) M1 | Duration is sample
|mm=mm—m——- 1sasples. ! + + + + + idependent and say be auch
! H ! H i H g | tlonger for many samples.
H YE H i 7332.000 333.000: 0.05000; 0.05000, 12000.01 i

i H ! H ! | ! Voo

] 3 é d 3 y ¢ 4 Y

! ¢ 4 4 + } + TOR

15.1 i Remove selected samples and ! 20.0000{ 20.0000; 0.15000f 0.15000! 10.0000} -0 { Duration is sasple
jmmmm——————- ipackage for return to ground. H + + t + + ° ldependent and may be such
' ! ! H H H ! ! 1longer for many saaples.
H NO H } 7352.00f 353.000{ 0.05000f 0.05000i 12000.0; !

] H ' H H ! ! P

H + + + + $ + 4 + -
16.1 ! Remove and transfer selected | 30.0000! 30.0000; 0.15000! 0.15000; 10.0000{ -0 | X-ray may require 3 to
(mmmmmeme-- isasples for on-orbit i + + + + + 1S kN peak.

' icharacterization if available. - ! ! ! ! ! .

H NO } ! 7382.007 383.000) 0.07500! 0.07500{ 18000.0: i

' H H : H H i H

! 3 + + + $ + $--=-t

18.1 ! Remove espty reservoir cartidges | 15.0000{ 15.0000i 0.15000} 0.150600: 10.0000{ -0 { -0-

jromsee——ee 1and reload for additional runs. ] + + + + +

! t 1 1 ] 1) ] ] ]

t ¥ I ] 1 ] I 1 t

H NO i ! 7397.00f 398.000% 0.03750! 0.03750{ 9000.00! H

' H ! H H H ! I

! + + + $ 4 + FI—

18.2 ! Repeat steps as required. i-0- 1-0- 1-0- 1-0- 1-0- Y ) I 1

| RS | ] i 4 i . i |

5 5 .

PN | 7397.00! 398.000! 0.00000! 0.00000! 0.00000! !

t ] ] 1] ] 1 ] 1 1

1 ] ] ] i 1] ] ] ]

] 3 ry 4 s 4 s 3 Fy
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, X

]

‘Facility:Protein Crystal Growth IV Acronya:PC6-1V

1]

i

1Step Number! Step Description ! Step | Crew | Power | Thersal |Data RateiVideo: Cosments
jmmmmmmmm—- ! Tise(ain) !Tise(sin}} (k¥) | (kW) | (kbps) IiKey I

| Used for | ' + + ¢ t i '

i this 'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Datai '
iCarrier Y/NI Time(min) ! Time(min} | (kW Hrs.) i (kN Hrs) iDwn.(kB) ! !
::::::::::::f::::::::::::::::::::::::::::::::::::*:::::::::+:=:::::::+2::::::::f:::::::::4‘:::::::::f::::/:::::::::::::::::::::::::
18.3 i Turn off camera as required. | 1.00000) 1.00000: 0.16000) 0.16000; 10.0000i Xt i -0-
b ccmceam——— t ! $ $ + + + H

E E i : ! : : P

i NO H ! 7398.000 399.0000 0.00267 0.00267) 600.000; H

i : ‘ H : 1 i P

! + $ $ + + $ ommmt

18.4 ! Trun on auxilliary thermal ! 1.00000! 1.00000! 0.16000¢ 0.16000! 10.0000; ¥1 i -0-
jmmmmmm——= icontrol device ' + -+ + + o

] : 1 ' i ' H L
PN | 7399.00} 400.000! 0.00267) 0.00267! 600.000: !

' H i ! | ‘ ' .

! 4 4 $ + + 4 PR

18.5 ' Trun off thersal control unit. | 1.00000! 1.00000! 0.06000: 0.06000; 10.0000: K! i -0
fommmmmemee H H + + + $ +

: : : t ] t t ] t

1 t ] ] 1 ] 1] ) 1

! NO H ! 7400.00! 461.000% 0.00100 0.00100! 600.000; H

i 1 i H 1 ] i oo

i 4 + 4 + + + 4=t
13.6 ' Trun off master power switch.. | 1.00000 1.00000}-0- i-0- {-0- V-0 -0
| e ' ! 4 + $ + + !

: : : ] ] 1] ] ) :

t t ] 1 ] 1 ] 1 )

H N d ' 7401.00) 402.000) 0.00000! 0.00000: 0.00000 '

i i i ] i g i oo

! + 4 + + $ $ $----4

' TOTALS  !Run Tise Crew TiselEng. In Eng. Out | Data |

' ! 7401.00¢ 402.000) 23.3488; 23.3483} 0.00000!
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Date:03/04/88

Acronym: SAAL

iFacility:THREE-AXIS ACOUSTIC LEVITATION

'
!
1

Copments

Power | Thermal {Data RateiVideo!

1 Crew |
(kW)

Step

Step Description

IStep Nusber|

iTine(ain) ! Tine(nin}!

i
) g

1Total RuniTot. CrewiEnergy IniEner. OutiTot. Data

4
T

4
T

Used for
this

'Tine(nin)|Tine(ain) | (k¥ Hrs.) | (k¥ Hrs) {Dun.(k8) !

iCarrier Y/N

$2z3zzzz0zd

szszsszosézzzzzzoocéccozszzzazcéoosososs
- - 0

+
1-g-

Ground based operations.

4zzz2zzzzzss
]
i

-

i-0- i-0- i-0- i=0- v =00

1-g-

INITIAL SETUP

- L0

1-(-

120.000{-0-

120.000:

TRANSPORT FACILITY FROM RESUPPLY |

1
]

———— - —— 4
[ S T
[ =2
(=3
=4
(=4
o
.

[ —]
> - m—m —
4
o
=
=4
o
o
-
=3
o
=4
(=3
S
[ —]

*+ - = e
=3
pod
(=1
.

o
o~
—
> m—— —— ——
o
[=]

o
.

o
~N
—
————m——

az
L
Lnd
oz
ac
-
<o
hoed
—
Lt
<o
-t
U
o<
o)
—
=
—
=
=
- X
<
L =
ad b=
=D =
= O
p=3—1
= o
.- - ———
)
]
]
]
1
1
1
]
1
1
1

1-g-

1-0-

30.0000}-0-

SECURE FACILITY IN PLACE FOR i 30.0000;

=mmnn======1 OPERATION

————

{-g-

10.0000:-0-

VERIFY PROPER CONNECTIONS AND | 10.0000:

====~=--==-CHECK FOR LEAKS

1
i

————
D
<
(=1
=1
(=)
.

o
———— -
(=}

(=4
(=3
(=3
o
-

oo
———— e o
(=3
[—=3
[

(=]

(=~
"

o
——— o
=4
=4
<
-

o
~Oo
—

—————— e

1-0-

30.6006:-0- i-0-

30.0000;

REVIEW EXPERIMENT PROCEDURE

TURN ON HEATER POWER

I
1

—— - = —— e

_———— - o
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)
[
‘Facility:THREE-AXIS ACOUSTIC LEVITATION Acronys: SAAL
1
1
i1Step Mumber| Step Description ! Step | Crew | Power | Thermal iData RateiVideo! Conments
e ' 'Tise(min)|Tise(sin)! (kW) 1 (kW) | (kbes} iRey LI
! Used for | - + + + + P
! this 'Total Run|Tot. CrewiEnergy IniEner. OutiTot. Datai i
'Carrier Y/N! Time(nin) ! Tine(ain) ) (kW Hrs.) (k¥ Hrs) |Dwun.(kB}) ! :
::::::::::::f::::::::::::::::::::::::::::::::::::*:::::::::f::::::::2+:::::::::f:::2:::::f:::::::::f'::::/:::::::::::::::::::::::::
13.2 | TURN ON 3AAL HAIN POWER ! 2.00000! 2.00000! 0.28000) 0.28000} 0.50000! N ! -O-
jremm e ] i + + + + +
; ; ; ' i H i i E
PooYE | 194.000 194.000{ 0.00933i 0.00933! 60.0000} !
i i ! ' ' H i P
! 4 4 + $ $ + TR
3.3 ! TURN ON DATA RECORDERS { 1.00000! 1.00000! 0.00000} 0.00000! 0.50000! -0 ! -0-
. ! ! 4 + + + + !
; ; ; 1 ! H H ' ;
PO | 195.000! 195.000{ 0.00000} 0.00000! 30.0000!
] H i 1 i i ' N
! $ + + + $ + F—
4.1 ! RUN SYSTEM THERMAL CONTROL TO ! 10.0000;-0- ! 0.14000) 0.07000{ 0.50000 N | -0-
jmmrem——————- '0BTAIN STEADY STATE TEMPERATURE i + t + A + !
1 + ] I 1 i 1 + I
] ] ] [} ] ] 1 1 ]
! YE H {205.000) 195.000! 0.02333% 0.01167! 300.000! H
! ! i ! | ! H HE
i + \ + + + + $----1 -
.2, ! RUN EXPERIHENT PROCESS | 253.000! 0.00000} 0.28000} 0.28000! 0.50000} N | -0-
et ! H + + + + + H
T T
PO ! 458.000! 195.000 1.18067! 1.18067! 7590.00: |
g i i ; ' H H .
! 4 4 4 é 'y i ¢ 4
! + 4 $ 4 } $ PR
15.0 ' TURN OFF FACILITY POMER SUPPLY | 2.00000{ 2.00000: 0.00000: 0.00000; 0.50000) N | -0-
R {MAIN SWITCH H + + + $ + i
i i i i t i i o
! NO : ' 460.000! 197.000) 0.00000! 0.00000 40.0000; H
! ! ' i i d ! b
! + 4 $ + } $ PR -
H TOTALS  !Run Tise !Crew TimeiEng. In I|Eng. Out | Data |
| ! 460.000! 197.000! 1.21800} 1.20167} 60.0000!
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!

!

’Facility-?apor Crystal Growth Systes Acronys:VCGS

.Step Number | Step Description | Step | Crew | Power | Thersal iData RateiVideo! Cosments
----------- ! :Tine(nin)'liae(lin)} (kn) ! (k) 1 (kbps) .Key 1}

: Used for |
i this |

Fy

T

+

+

'Total RuniTot. CrewiEnergy In.Ener OutiTot. Data.

iCarrier Y/N} 'Time{min) !Tine(nin){ (kW Hrs.)i(kN Hrs) iDun.{kB) !
|:::::::::::f::::::::::::::::::::::::::::::::::::+:::::::::*:::::::::‘l’:::::::::f:::::::::f:::::::::+::::/:::::::::::::::::::::::::
1.0 ! Ground based activities ! 0.00000! 0.00000} 0.00000! 0.00000} 0.00000} -0 ; -0-
jmmommmmome- H | t + + + +

; 5 ; ] ! ' ! ! ;
PN ! 0.00000} 0.00000 0.00000{ 0.00000 0.00000; |

1 H g i i i ' b

1 3 'y 1 3 3 4 4 i

1 k4 T L4 T T T b "
12.0 ! Initial setup | 0.00000! 0.00000! 0.00000; 0.00000} 0.00000} -0 | -0-
[mms o i ' ¢ ¢ ¢ + t

: : : § 1. 1 ] 1 :

i 1] ] t 1 H ] ] 1]

H NO ! ! 0.00000! 0.00000; 0.00000{ 0.00000! ©.00000; H

H H H i H ! i I

' 3 Y 4 $ 3 4 3 s

! 4 $ + $ + + $mmnt

12.1 ! Transport facility fros resupply | 120.000! 120.000{ 0.00000i 0.00000! 0.00000; -0 { -0-
jommmmemee-- isodule and interface to carrier i + + + + t

: 1location ' ] H ! i I

H NO 1 ! 120.000¢ 120.000; 0.00000} 0.00000 G.00000; !

! : ] ! ! ! H I

! 4 3 s s Y 4 <4 3

! + $ $ ¢ ¢ $ TOR—

12.2 ! Secure facility in place for ¢ 30.0000! 30.0000! 0.00000% 0.00000; 0.00000i -0 ; -0-
jmmm——————- ioperation. : + $- + + $ '

' ! H H H H ! I

H NO H ! 150.000{ 156.000/ 0.00000! 0.00000! 0.00000; i

i H i ] ' | ! I

1 : 4 4 3 i Fy 3 4

] T T L4 hd hs T T
12.3 ! Verify proper connections and | 10.0000) 16.0000! 0.00000! 0.00000) 0.00000{ -0 | -0-
jmmmmm————- icheck for leaks. ! + + + t +

' ! ' ' H : ' N

i NO H | 160.000) 160.000; 0.00000{ 0.00000; 0.00000; H

i : H H H H ! .

H + + + 4 + ponent

12.4 ! Review experiment procedures. ! 30.0000¢ 30.0000; 0.00000{ 0.00000; 0.00000; -0 ; -0-
oo H ! 4 + ¢ + $ H

f H H ' i ! i N

! NO H ! 190.000% 190.000; 0.00000{ 0.00000; 0.00000; i

' H ! H H ' i b

H + + + + + + $o---4

12.5 ! Turn on FES to standby for YCGS | 2.00000! 2.00000: 0.12100{ 0.00000i 20.0000! 2 ! -0-
(mmemmmm———- ipower allocation. ' + + ¢ + +

' H i H ! i 1 P
PN ! 192.000! 192.000! 0.00403} 0.00000} 2400.00} !

! H i g i ' H N

} 4 s ’e I d i 4 Y

1 2 4 T T T 1 4 T
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1 b ]
¥ !
lFacility:Vapor Crystal Growth Systes Acronys:VCES :
i
I 1
.Step Number | Step Description ! Step |} Crew | Power | Thermal iData RateiVideo: Comments i
. ----------- ! Tise(ain)!Tine(nin)! (kW) | (kW) | (kbps) IKkey L i
i Used for ! i + + + ¢ H : '
{ this | 'Total Run!Tot. CrewlEnergy IniEner. Out{Tot. Datai ! i
‘Carrier Y/N! 'Time(sin) !Tine(nin){ (kW Hrs.)i (kW Hrs) |Dwn.(kB) ! ! '
,:::::::::::{::::::::::::::::::::::::::::::::::::f:::::::::+:::::::::f:::::::::+:::::::::+:::::::::+::::/::::::::::::::::::::::::::
12.6 ! Disengage microscope and optical | 5.00000! 5.00000; 0.12100! 0.00000i 20.0000i 2 | -0-
jummmmmme- ibench launch/re-entry locks. H $ + + + + i
] i H H d H : . !
! NO i ! 197.000) 197.000; 0.01008) 0.00000; 6000.00; H i
! i ' i i H ' P i
' + = + + $ + $ + + H
13.1 ! Remove Experiment Module from | 10.0000) 10.0000) 0.12100i 0.00000i 20.0000: 2 ! should be automated for:
e Istowage. ' + ¢ + + +  |ISF and man-tended |
: ! H 4 H H ! ! loperation. i
P ! 207.000{ 207.000! 0.02017} 0.00000; 12000.0{ ! :
H g H H H ' H T :
] é i 3 'y Fs 4 'y Y i
! 4 } ¢ t t + fommmt !
13.2 ! TInsert the experiment module into 3.00000! 3.00000 0.12100) 0.00000! 20.0000: -0 { -0-
e ithe VCGS facility. H + $ + + + |
! ] H H ! i ! I g
T ! 210.000 210.000! 0.00605, 0.00000i 3600.00; ! :
; 4 H i H ' i . i
i + + + + + + $=mmnt :
13.3 ! Remove protective cover and stow.| 2.00000) 2.00000! 0.12100! 0.00000; 20.0000; -0 i -0-
mmcccaaee ! ! + $ + $om + [ !
§ E R :
foYe ! 212.000! 212.000 0.00403! 0.00000! 2400.00 ! :
! i i i ] i g Voo i
] s Fs d i re i i rs !
1 T L4 b4 T T bt T * 1
13.4 ' Turn on master power switch on | 1.00000} 1.00000 0.19600) 0.19700} 20.0000} -0 i -0-
jmmmm—mm———- 1VCGS OCP. i + + + + + H H
H ! ! H H ' i P i
H YE H ! 213.000! 213.000% 0.00327) 0.00328! 1200.00! : !
H ' i ! 4 ! 1 P '
! } + + + + } PO !
13.9 ' Turn on video switch on the FES | 1.06000! 1.00000: 0.19600; 0.06000{ 20.0000% M3 { -0-
jmmmm——————- '0CP and switch to VCGS position. | + + + + + '
H i i H ! i i Voo i
: YE i ! 214.000f 214.000! 0.00327! 0.00100{ 1200.00; H i
' J ; ! H | H HE i
] Iy $ 4 4 4 é i i ]
! } ¢ + $ % 4 PR— !
13.6 ! Adjust light level/angle. Adjust | 13.0000{ 13.00007 0.19600; 0.06000; 20.0000} M3 | -0-
jmmmm——————- !aicroscope focus. Rotate furnace | + + + + + ! 1
! 'with knob and verify focus on seed | : ! H | P i
: YE icrystal. ! 227.000f 227.000) G0.04247! 0.01300{ 15600.0! i H
H ' ] H H ' i P |
] rs 3 + $ + + 4 'y I
! } } 4 + 4 I !
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1]

iFacility:Vapor Crystal Growth Systes Acronya:VCGS

1 -
i

1Step Number| Step Description ! Step | Crew | Power ! Thersal iData RateiVideo! Cosnents
Jommmanaeaae ! ITise(nin) i Tise(nin)! (kW) | (kW) | (kbps) iXey L

| Used for | ! + + + + b

i this |} !Total RunjTot. Crew|Energy IniEner. OutiTot. Datal |

iCarrier Y/N! 'Tine(nin)!Tise(nin) ! (kW Hrs.) (k¥ Hrs) iDun.(kB) | ]
::::::::::::4»::::::::::::::::::::::::::::::::::::+:::::::::+:::::::::+:::::::::+:::::::::+:::::::::+::::/:::::::::::::::::::::::::
13.7 ! Turn off video switch on FES OCP.| 1.00000 1.00000{ 0.19600} 0.06000} 20.0000} -0 | -0-

R i H + + + + +

E H ; H H i ! : ;

H YE ! ! 228.000; 228.000: 0.00327! 0.00100: 1200.001 i

' i ! ] H ! ! Voo

! 4 $ + 4 + + $ommnt

14.01 ' Turn on prograssed growth mode | 240.000{ 40.0000) 0.45800! 0.23300f 20.0000; N3 i -0-

{m=mmmm————- iroutine via FES OCP. i + + + + I

H ! ' H H H ' .

PO | 468.000 268.000! 1.83200{ 0.93200} 2983000.% !

' H ' i i H H P

! $ 4 'y i 4 i 3 Iy

} T T u t * T T T

14.02 1 Run heat up stage. ! 200.000! 0.00000} 0.45800! 0.23300) 20.0000} #3 { 4.02 and 4.03 run
P ! ! + 4 + + +  lconcurrently.

] H i ! ' H i oo

i YE 1 ! $68.000; 268.000) 1.52667! 0.77667% 240000.! i

! H : H H H i N

i + + + + ¥ it pommnt -—-
14.03 t Verify crystal behavior and ' 40.0000! 40.0000! 0.45800 0.23300% 20.0000! M3 | Crew required first 5
jmmmm——————- tadjust tesperatures as necessary. | + + + + +  lminutes and 5 ainuites
i H i H H H : H levery 1/2 hour.

POE ! 708.000! 308.000{ 0.30533; 0.15533i 48000.0{ |

i H i ' | ' ! N

t s 4 Fs d 3 s 4 s

14.04 ' Turn on video switch on FES OCP. | 8.00000} 8.00000; 0.45800! 0.23300! 20.0000{ H3 ! Scheduled as downlink
jmmmemmm———- H H $ + + + +  lyideo is available.

! | i H H H ! o

H {3 H ! 716.000f 316.000) 0.06107{ 0.03107) 9600.00! i

' H i H ! ! ! Lo

14.05 ! Run initialization for prograseed! 5.00000 5.00000{ 0.31900; 0.17300; 20.0000; N3 | -0-

fommmmmmm——- igrowth sode. ' + t t + o

! | H i H i ; I

P | 721.000f 321.000 0.02658 0.01442] 6000.00{ !

t i H : i i i Voo

! ¢ + + + + } $ommnt

14.06 ! Adjust source temperature cyclingi 608.000! 608.000f 0.31900) 0.17500{ 20.0000; M3 ! Crew required 5 in
jmmmmm—————- iasplitude, duration, and frequency | + + + + +  levery hour for S hours,S
i ito prevent etching. : i i i i i inin every 1/2 thereafter
H YE H Vo 1329.00) 929.000% 3.23253 1.753071 729600.) \during 4.7

! d i H H | i b

1 4 4 4 Y 4 n 4 4

] T L4 4 T L4 T T T
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Acronys:VC6S

iFacility:Vapor Crystal Growth Systes

t
'

Cosments

Power | Thersal iData Rate|Video:

Crew |
iTise(min)!Tine(min)!

Step

Step Description

iStep Number|

‘Total RuniTot. Crew!Energy IniEner. Out{Tot. Datai

iTise(min) ! Tine{nin) | (kW Hrs.)|{kW Hrs) !Dwn.(kB) |

| Used for

this
iCarrier Y/N
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!
t
'Facility:Vapor Crystal Growth Systes Acronys:VC6S
H
iStep Number| Step Description ! Step | Crew | Power | Thermal iData RateiVideo! Congents
fommmmmmm——- ' 'Tise(sin)!Tise(sin)! (kW) 1 (kW) | (kbps) iXey Li
i Used for | H 4 + + + H
I this | 'Total Run!Tot. CrewiEnergy IniEner. OutiTot. Data) H
\Carrier Y/Ni , !Tine(nin) !Tine(min) i (kW Hrs.)! (kN Hrs) {Dwn.(kB) i i
: :::::::::::+:::::::::::::::::::::::::::::::::::5*:::::::::}:::::::::*:::::::::f:::::::::+:::::::::+::::/:::::::::::::::::::::::::
15.1 ! Insert experiment sodule into | 15.0000! 15.0000i 0.00000; 0.00000;-0- 1-0t -0-
jomm——————ee protective cover. H + + + + +
i ' ' ! i i i .
i N H ! 10148.0! 959.000! 0.00000; 0.00000; 0.00000: !
' ' : H H i H H !
! + + $ + $ 4 To—— -
15.2 ! Remove experisent sodule and ' 10.0000! 10.0000! 0.00000! 0.00000}-0- -0t -0-
jommmemmme- istow. ! t + t + o
t ] 1 1 ] ] ] ] ]
I ] ] t ] i ) 1] )
4 NO H ! 10158.0! 969.000! 6.06000! 0.00000! 0.000001 H
] | H H ' i H P
] + + 4 + + + gt
15.3 ' secure facility and equipsent | 7.00000} 7.00000: 0.00000! 0.00000; 0.00000} -0 ; -0-
e 1drawer. 1 t $ + + +
' | } - g : H oo
PN : ! 10165.0! 976.000 0.00000! 0.00000! 0.00000i !
i ' H i ' ' H H '
] 3 'y 4 4 re e 3 4
] T T T T L4 T T
i TOTALS  !Run Time !Crew TiselEng. In !Eng. Out | Data |
H ! 10165.00 976.000) 52.78911 24.8260i 0.00000!
! """"""""""""""""""""""““"“"“"""""""“"":::::::::::::::2:::2::::::::::::::::::::::::::::::::::.
Video Key I:
XY = Resolution and Frame Rate as Defined Below

HY = High Resolution, 1000x1000 pixels or greater X1 = Frame Rate of 1 or less FPS

NY = Mediua Resolution, 300x300 to 1000x1000 pixels X2 = fFrase Rate of 1 to 30 FPS

LY = Low Resolution, 150x150 to 300x300 pixels X3 = Frame Rate of 30 to 60 FPS

X4 = Frasme Rate of 60 to 150 FPS

XS = Frame Rate of 150 to 300 FPS

X6 = Frase Rate of 300 to 500 FPS

X7 = Frame Rate of 500 to 1000 FPS

X3 = Frase Rate of 1000 to 10+5 FPS

X9 = Frame Rate of Greater than 10+5 FPS
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2.2 EXPERIMENTAL FACILITY USER REQUIREMENTS

The user requirements were developed based on the 65 experiments/facilities in the
RACO data base. Requirements Synopsis Sheets were completed for each experiment/
facility. The data from each sheet were entered into a spreadsheet program and bar charts
for each requirement were developed. From these bar charts a summary sheet was
developed. The summary sheet, bar charts, and requirements synopsis sheets are given in
the following section.
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MMPF/RACO Preliminary Data Release

Issue: 03/03/88

REQUIREMENT SYNOPSIS SHEETS

Requirement Synopsis Sheets were developed for each of the 65 facilities in the
RACO data base. These sheets were used to summarize user requirements for data, video,
vacuum/vent, thermal/power, physical, crew, consumables, and microgravity level. The
values for these requirements were taken from published documents or through contacts
with the representative project managers and PIs. In cases where data were proprietary or
otherwise unavailable, best estimates were developed on the basis of discussions with
scientists conducting similar experimentation in ground-based labs.

The data requirements section focused on the downlink data required. Minimum
experimental data were taken to be the minimum acceptable data link to permit process
adjustments during and/or between runs. This level assumes on-board processing and data
compression techniques. The video requirements were listed along with a percentage-to-
ground requirement. This percentage was used to reduce the total video data rate to the rate
desired for downlink. The video rate does not account for data compression techniques
and/or other methods of lowering the data rate. Many facilities listed in the RACO data
base do not require video downlink due to the use of film and on-board storage techniques
in the hardware as currently configured. However, many PIs have expressed the desire to
modify hardware for downlink of video on carrier missions of longer duration than the
Shuttle's 7-day capability.

The vacuum requirements were given by the volume of gas to be vented (cubic feet at
STP), longest time period allowable to achieve the venting, and the ultimate pressure
required to conduct the experiment.

The thermal/power requirements consisted of the total peak power (both ac and dc)
and total average power for each run. These power levels were taken from the power
usage during previous missions for hardware that has flown, while worst-case power
levels based on preliminary designs were determined for that hardware that has not flown.
It should be noted that for hardware that has flown, power requirements are lower than the
hardware's design capability. The run lengths included in this section were based on
average run times per sample for similar ground-based experiments.

The physical requirements considered the payload's capability to be passed through a -
52-in. hatch with corners rounded to a 12-in. radius. Comments concerning the payload's
current configuration and necessary modifications for pressurized volume operation were
included. Additionally, payload mass and volume were listed in pounds and cubic feet,
respectively.



MMPF/RACO Preliminary Data Release
Issue: 03/03/88

Each facility was analyzed to determine the minimum required crew and whether or
not the hardware could be operated in a man-tended environment. If the facility could not
be operated in the absence of crew, modifications such as addition of sample exchange
mechanism, addition of programmable control, etc. were listed.

The consumables of each facility were listed by mass and volume for each material.
All volumes for gases were at standard temperature and pressure. No volume nor mass for
containers was included in the total.

The microgravity level was listed for each facility. This is the maximum steady-state
g-level the process should encounter during operation.




EXPERIMENT NAME: Acoustic Containerless Exp
| ‘ DATA:

Minimum Experimental Data (bits/sec): 2,000
Video Requirements

Resolution (lines): 525 X 525
Frame Rate (fps): 10
Percent to the ground: 0/Stored
VACUUM:
Standard Cubic Feet: 0
Longest Duration to Vent (hr): 0
| Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.20
Average (kW): 0.16
Run Length (hr): 2
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

| This facility is designed for an EAC.

Payload Mass (ib): 235
Payload Volume (cubic ft): 4.5
CREW:

Can the experiment be run without crew? (Y/N): Y
if not, then how could it be modified to run?:

‘ CONSUMABLES (give for each item):
Mass (Ib): 0
‘ Volume (cubic ft): 0

. MICROGRAVITY: 1E-6



EXPERIMENT NAME: Acoustic Levitator Furnace (ALF)

DATA:
Minimum Experimental Data (bits/sec): 32

Video Requirements

Resolution (lines): 240 X 520
Frame Rate (fps): 30
Percent to the ground: 90%
VACUUM:
Standard Cubic Feet: 1.305
Longest Duration to Vent (hr): 4.1
Vent Pressure (torr): 1E-5

THERMAL POWER:

Peak (kW): 1.54

Average (kW): 0.7

Run Length (hr): 2.62

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Designed to occupy a portion of a Spacelab single rack.

Payload Mass (lb): 100.31
Payload Volume (cubic ft): 5.023
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Add sample changeout mechanism. Add additional process gas capacity.

CONSUMABLES (give for each item):
Mass (Ib): Sample: 0.016 Ibm/run; Kryton Gas: 0.95 Ib/run; Dry Air: 0.01

Volume (cubic ft): Sample: 0.00001/run; Kryton Gas: 0.022/run; Dry Air: 0.00066/run

MICROGRAVITY: 1E-4



EXPERIMENT NAME: AADSF

DATA:
Minimum Experimental Data (bits/sec): 400.00
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 1.55
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 1E-5

THERMAL POWER:

Peak (kW): 1.0

Average (kW): 0.5

Run Length (hr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Must be reconfigured from EAC to fit in standard rack.

Payload Mass (Ib): 16.5
Payload Volume (cubic ft): 3.1
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:
Can add carousel! for more runs, but furnace is fully automatic for 1 sample as is.

CONSUMABLES (give for each item):

Mass (Ib): 12.0*
Volume (cubic ft): 0.21*
MICROGRAVITY: 1E-5

*Estimated



EXPERIMENT NAME: ADSF

DATA:
Minimum Experimental Data (bits/sec): 22.0
Video Requirements None
Resolution (lines): N/A X N/A
Frame Rate (fps): - N/A
Percent to the ground: N/A
VACUUM:
Standard Cubic Feet: 5.25
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 0.260

Average (kW): 0.150

Run Length (hr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Must be reconfigured from EAC to standard rack.

Payload Mass (ib): 170
Payload Volume (cubic ft): 6.04
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 12.0*
Volume (cubic ft): 0.2*
MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Bubble Behavior Unit

‘ DATA:

Minimum Experimental Data (bits/sec): 32
Video Requirements

Resolution (lines): 240 X 520
Frame Rate (fps): 30
Percent to the ground: 0/Stored
VACUUM:
Standard Cubic Feet: N/A
Longest Duration to Vent (hr): N/A
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.4
Average (kW): 0.4
Run Length (hr): 2
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

Fits in Spacelab.

Payload Mass (Ib): 40
Payload Volume (cubic ft): 3.1
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Sample changeout handled by carousel and TV focusing.

CONSUMABLES (give for each item):
Mass (ib): 1
Volume (cubic ft): 0.2

‘ MICROGRAVITY: 1E-4



EXPERIMENT NAME: Chemical Vapor Transport

DATA:
Minimum Experimental Data (bits/sec): 1,000"

Video Requirements

Resolution (lines): 1,025* X 1,025*
Frame Rate (fps): 10*
Percent to the ground: 0/Stored
VACUUM:
Standard Cubic Feet: 0
Longest Duration to Vent (hr): 0
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.350

Average (kW): 0.300

Run Length (hr): 72

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (ib): 440

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N): N
if not, then how could it be modified to run?:
Needs sample translator adjustor mechanism.

CONSUMABLES (give for each item):

i
Mass (ib): 0
Volume (cubic ft): 0
MICROGRAVITY: 1E-5

*Estimated



EXPERIMENT NAME: Continuous Heating Furnace (CHF)

‘ DATA:

Minimum Experimental Data (bits/sec): 64

Video Requirements * None
Resolution (lines): X
Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 5.88
| Longest Duration to Vent (hr): 72
‘ Vent Pressure (torr): 1E-5

THERMAL POWER:

| Peak (kW): 1.4

| Average (kW): 0.370
Run Length (hr): 4.28
Physical:

| Can the facility pass through the Space Station hatch? (Y/N): Y

| ’ Comment:

None
Payload Mass (Ib): 198.42
Payload Volume (cubic ft): 5.877

CREW:
| Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 19.56*
Volume (cubic ft): 0.23*
. MICROGRAVITY: 5

} *Estimated



EXPERIMENT NAME: Continuous Flow Electrophoresis System

DATA:
} Minimum Experimental Data (bits/sec): 300

| Video Requirements

Resolution (lines): 190 X 190
Frame Rate (fps): 30
Percent to the ground: 100% (0.5 hr/day)
VACUUM:
Standard Cubic Feet: 0.0036/sec (0.002 Ib/sec)
Longest Duration to Vent (hr): Continuous
Vent Pressure (torr): 620

| THERMAL POWER:

Peak (kW): 0.68

Average (kW): 0.55

Run Length (hr): 160

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Requires one SS double and one single rack.

Payload Mass (Ib): 1,638
Payload Volume (cubic ft): 81
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Replace manual valves and switches with automatic systems.

CONSUMABLES (give for each item):
Mass (ib): 1,000
Volume (cubic ft): 60

MICRQGRAVITY: 1E-4

Y




EXPERIMENT NAME: Critical Fluid Scattering Exp

DATA:
Minimum Experimental Data (bits/sec): 200*
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: . None
Longest Duration to Vent (hr): None
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.750*

Average (kW): 0.750*

Run Length (hr): 8

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (Ib): 100

Payload Volume (cubic ft): 4.0

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (lb): 1*
Volume (cubic ft): 0.02*
MICROGRAVITY: 1E-3

*Estimated

Y



EXPERIMENT NAME: Diffusive Mixing or Organic Solutions (DMOS)

DATA:
Minimum Experimental Data (bits/sec): 2,500

Video Requirements

Resolution (lines): N/A X N/A
Frame Rate (fps): N/A
Percent to the ground: 80%
VACUUM:
Standard Cubic Feet: 0.5295
Longest Duration to Vent (hr): 1.0
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.130

Average (kW): 0.100

Run Length (hr): 168-1200

Physical: ’
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

The diffusive mixing of organic solution is operated in an experiment apparatus container (EAC).
The experiment can be configured with one EAC or multiple EACs, based on the space available in
a middeck locker.

Payload Mass (Ib): 188 (2 modules, 376)
Payload Volume (cubic ft): 2.01 (2 modules, 4.02)
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 0.16402

Volume (cubic ft): 1.06

MICROGRAVITY: 1E-6




EXPERIMENT. NAME: Directional Solidification Furnace

. DATA:

Minimum Experimental Data (bits/sec):
: Video Requirements None
Resolution (lines): X
Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet:

Longest Duration to Vent (hr):

Vent Pressure (torr):

|
| THERMAL POWER:
| Peak (kW): 7.0

Average (kW): 1.4
Run Length (hr): 672*
Physical:

i Can the facility pass through the Space Station hatch? (Y/N): N

| ‘ Comment:

Furnace will not fit through hatch.

Payload Mass (Ib): 1,200*
Payload Volume (cubic ft): 82"
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

Mass (Ib):

CONSUMABLES (give for each item):
| Volume (cubic ft):

® MICROGRAVITY:

*Estimated



EXPERIMENT NAME: Drop Dynamics Module

DATA:
Minimum Experimental Data (bits/sec): 1,000*

Video Requirements

Resolution (lines): Standard

Frame Rate (fps):

Percent to the ground: 0/Stored
VACUUM:

Standard Cubic Feet:
Longest Duration to Vent (hr):

Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 0.550

Average (kW): 0.500

Run Length (hr): - 48

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment: '

Payload Mass (lb): 792

Payload Volume (cubic ft): 41.5

CREW:

Can the experiment be run without crew? (Y/N):
If not, then how could it be modified to run?:
Build in video.

CONSUMABLES (give for each item):
Mass (lb):

Volume (cubic ft):

MICROGRAVITY: 1E-6

X Shuttle Capability

N

Y




EXPERIMENT NAME: Droplet Combustion Experiment}(DCE)

DATA:
Minimum Experimental Data (bits/sec): 100
Video Requirements

Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 400
Percent to the ground: 20
VACUUM:
Standard Cubic Feet: 2
Longest Duration to Vent (hr): 24
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 72

Average (kW): 72

Run Length (hr): 1

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 151.8

Payload Volume (cubic ft): 6

CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:

The current DCE does not have sample changeout capabilities. Currently exps are run by crew injecting
fuel runs last only 10 to 15 sec and only 10 run available cleaning.

CONSUMABLES (give for each item):

Mass (Ib): Fuel: 0.13; 02: 0.033; N2: 0.115
Volume (cubic ft): Fuel: 0.0028; O2: 0.002; N2: 0.009
MICROGRAVITY: 1E-4



EXPERIMENT NAME: Droplet Technology Demonstration (DTD)

DATA:
Minimum Experimental Data (bits/sec): 1,000

Video Requirements

Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 400
Percent to the ground: 20
VACUUM:
Standard Cubic Feet: 20
Longest Duration to Vent (hr): 24
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 500

Average (kW): 250

Run Length (hr): 1

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 161.04

Payload Volume (cubic ft): 8

CREW:

Can the experiment be run without crew? (Y/N): N
if not, then how could it be modified to run?:
Requires intensive crew interaction for cleanup between runs - one run lasts less than 1 min.

CONSUMABLES (give for each item):
Mass (Ib): Fuel: 0.825; 02: 1.33; N2: 2.15

Volume (cubic ft): Fuel: 0.014; 02: 0.02; N2: 0.09

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Electroepitaxial Crystal Growth

DATA:
Minimum Experimental Data (bits/sec): 2,000
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 3
Longest Duration to Vent (hr): 1,152
Vent Pressure (torr): 600*

THERMAL POWER:

Peak (kW): 6

Average (kW): 6

Run Length (hr): 1,680

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (Ib): 4,103

Payload Volume (cubic ft): 124.6

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): GH2
Volume (cubic ft): 3
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: . Electrodeposition (EDEP)

DATA:
Minimum Experimental Data (bits/sec): 0.38
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: N/A
Longest Duration to Vent (hr): N/A
Vent Pressure (torr): N/A

THERMAL POWER:

Peak (kW): 0.14

Average (kW): 0.02

Run Length (hr): 960

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (Ib): ‘ 132.28

Payload Volume (cubic ft): 7.063

CREW:
Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 6.6

Volume (cubic ft): 71

MICROGRAVITY: 1E-6

Y




EXPERIMENT NAME: Electromagnetic Levitator

DATA:
Minimum Experimental Data (bits/sec): Stored on orbit

Video Requirements Film Camera
Resolution (lines): X
Frame Rate (fps):

Percent to the ground: 0/stored

VACUUM:
Standard Cubic Feet: <1

Longest Duration to Vent (hr): - 720
Vent Pressure (torr): 1E-7

THERMAL POWER:

Peak (kW): 1.204
Average (kW): 0.5
Run Length (hr): 48
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:
Designed for EAC on MSL and is not qualified for manned environment.

Payload Mass (Ib): 92.4
Payload Volume (cubic ft): 2.1
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0
Volume (cubic ft): 0
MICROGRAVITY: 1E-6

Y



EXPERIMENT NAME: Electrophoresis Operating System

DATA:
Minimum Experimental Data (bits/sec): 5,000
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 0.054/sec (0.0027 Ib/sec)
Longest Duration to Vent (hr): Continuous
Vent Pressure (torr): 620

THERMAL POWER:

Peak (kW): 3.5 min; 5.6 desired

Average (kW): 3.5 min; 5.6 desired

Run Length (hr): 4,320 (180 days)

Physical:
Can the facility pass through the Space Station hatch? (Y/N): N
Comment:

EOS is a self-contained module that needs to be docked to CDSF. Alternative would be to
assemble EOS hardware in CDSF on the ground as fixed part of module. Sterilization and resupply
module would need to be docked to CDSF in this configuration.

Payload Mass (Ib): 24,600
Payload Volume (cubic ft): 1,767
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 24,600

Volume (cubic ft): 1,767

MICROGRAVITY: 1E-4




EXPERIMENT NAME: Float Zone Crystal Growth Facility

DATA:
Minimum Experimental Data (bits/sec): 1,500

Video Requirements

Resolution (lines): N/A X N/A
Frame Rate (fps):
Percent to the ground: 60%
VACUUM:
Standard Cubic Feet: 1.059*
Longest Duration to Vent (hr): 24.0*
Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 5

Average (kW): 2.5

Run Length (hr): 48-1200

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:
In the proof of concept mode this experiment can be mounted in a middeck locker. It is housed in
an EAC.

Payload Mass (Ib): 295

Payload Volume (cubic ft): 6.53

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

In the proof of concept phase sample(s) diameter and length will not experience extensive necking and
breakage.

CONSUMABLES (give for each item):

Mass (Ib): 0.095; Argon 0.055; Air 0.04
Volume (cubic ft): 28/28.32/200 = 0.00494; Argon 396.48
MICROGRAVITY: 1E-6



EXPERIMENT NAME: Fluids Experiment Apparatus (FEA)

DATA:
Minimum Experimental Data (bits/sec): 100

Video Requirements

Resolution (lines): 250 X 250
Frame Rate (fps): 0.02
Percent to the ground: 10
VACUUM:
Standard Cubic Feet: None
Longest Duration to Vent (hr): None
Vent Pressure (torr): 0

THERMAL POWER: ,
Peak (kW): 200

Average (kW): 50

Run Length (hr): 72

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (ib): 79.2

Payload Volume (cubic ft): 3

CREW:

Can the experiment be run without crew? (Y/N): N

If not, then how could it be modified to run?:
Crew required for sample changeout. More expensive to mod for auto change than facility cost to build.

CONSUMABLES (give for each item):
Mass (Ib): Sample: 0.125

Volume (cubic ft): Sample: 0.002

MICROGRAVITY: 1E-5




EXPERIMENT NAME: Fluids Experiment System

‘ DATA:

Minimum Experimental Data (bits/sec): 20,000
Video Requirements

Resolution (lines): 625 X 625
Frame Rate (fps): 30
Percent to the ground: 3%
VACUUM:
Standard Cubic Feet: 0.001
Longest Duration to Vent (hr): 1
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 1.484
Average (kW): 0.980
Run Length (hr): 72
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

Designed for Spacelab double rack.

Payload Mass (Ib): 1,084.6
Payload Volume (cubic ft): 41
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Robotics transfer of test cell from warm up to optical bench.

CONSUMABLES (give for each item):
Mass (Ib): 0

Volume (cubic ft): 0

‘ MICROGRAVITY: 1E-6



EXPERIMENT NAME: Gas-Jet Diffusion Flames Experiment (GDFE)

DATA:
Minimum Experimental Data (bits/sec): 100

Video Requirements

Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 400
Percent to the ground: 20
VACUUM:
Standard Cubic Feet: 5
Longest Duration to Vent (hr): 1/60 (Note: This is a flowing exp. Therefore, min = mout.)
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 150

Average (kW): 150

Run Length (hr): 1

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 100

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Facility requires crew to clean between runs. This is laborious and runs only last a few hours at the most.

CONSUMABLES (give for each item):
Mass (Ib): Fuel (GH2): 1.1; GO: 4.5; GN2: 0.44

Volume (cubic ft): Fuel (GH2): 1.1, GO: 0.271; GN2: 0.031

MICROGRAVITY: 1E-5




EXPERIMENT NAME: GFGAS

‘ DATA:

Minimum Experimental Data (bits/sec): 0

Video Requirements None
Resolution (lines): X
Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 5.2*
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 0.600*
Average (kW): 0.200*
Run Length (hr): 336
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

Must be reconfigured from EAC to standard rack.

Payload Mass (Ib): 180
Payload Volume (cubic ft): 5
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0
Volume (cubic ft): 0
' MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Gradient-General Purpose Rocket Furnace (G-GPRF)

DATA:
Minimum Experimental Data (bits/sec): 64"
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 5.3
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.600

Average (kW): 1.000

Run Length (hr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Was designed for MSL, may need to be repackaged.

Payload Mass (Ib): 145
Payload Volume (cubic ft): 3
CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 13.5
Volume (cubic ft): 0.2

MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Gradient Heating Furnace (GHF)

‘ DATA:

Minimum Experimental Data (bits/sec): 32*

Video Requirements None
Resolution (lines): X
Frame Rate (fps):

Percent to the ground:

VACUUM:
Standard Cubic Feet: 5.1
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.080
Average (kW): 0.450
Run Length (br): 15.43
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

‘ Comment:

None
Payload Mass (lb): 144 .4
Payload Volume (cubic ft): 3.524
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 12.0*
Volume (cubic ft): 0.21*
' MICROGRAVITY: 5

*Estimated



EXPERIMENT NAME: High Temp Acoustic Lev

DATA:
Minimum Experimental Data (bits/sec): 3,000
Video Requirements Desired for advanced hardware
Resolution (lines): TBD X TBD
Frame Rate (fps): 8D
Percent to the ground: TBD
VACUUM:
Standard Cubic Feet: 3.2
Longest Duration to Vent (hr): 48
Vent Preésure {torr): 1E-3

| THERMAL POWER:

‘ Peak (kW): 2.88

Average (kW): 1

Run Length (hr): 1 per sample max; 96 automated

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 649

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): GN2

Volume (cubic ft): 3.2

MICROGRAVITY: 1E-6




EXPERIMENT NAME: Image Furnace (IMF)

DATA:
Minimum Experimental Data (bits/sec): 32

Video Requirements

Resolution (lines): 240 X 520
Frame Rate (fps): 30
Percent to the ground: 90%
VACUUM:
Standard Cubic Feet: 21.93
Longest Duration to Vent (hr): 6.9
Vent Pressure (torr): 1E-5

THERMAL POWER:

Peak (kW): 0.97
Average (kW): 0.70
Run Length (hr): 7.67
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:
Designed to occupy a portion of a Spacelab single rack.

Payload Mass (lb): 27117
Payload Volume (cubic ft): 9.547
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:

Y

Add automated sample changeout mechanism. Add additional process gas capacity.

CONSUMABLES (give for each item):

Mass (Ib): Sample: 0.9/run; Argon Gas: 2.443/run; Dry Air: 0.05/run
Volume (cubic ft): Sample: 0.00166/run; Argon Gas: 0.12/run; Dry Air: 0.0033/run
MICROGRAVITY: 1E-4



EXPERIMENT NAME: Initial Blood Storage Experiment

DATA:
Minimum Experimental Data (bits/sec): None
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.125
Average (kW): 0.125
Run Length (hr): 726 (refrigerated blood deteriorates rapidly after 30 days)
Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment: |

Fits in an STS middeck locker.

Payload'Mass (ib): 103
Payload Volume (cubic ft): 1.14
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 3.25

Volume (cubic ft): 0.05

MICROGRAVITY: 1E-4




EXPERIMENT NAME: Isoelectric Focusing Facility

DATA:
Minimum Experimental Data (bits/sec): None
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.28
Average (kW): 0.20
Run Length (hr): 1.5
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:
Fits in an STS middeck EAC.

Payload Mass (lb): 76.5
Payload Volume (cubic ft): 2.08
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Automate cooling system; automate on-off switches, control.

CONSUMABLES (give for each item):

Mass (Ib): 100
Volume (cubic ft): 4.02
MICROGRAVITY: 1E-4

Y



EXPERIMENT NAME: Isothermal Dendritic Growth Experiment

DATA:
Minimum Experimental Data (bits/sec): 1,500

Video Requirements

Resolution (lines): 525 X 525
Frame Rate (fps): 60
Percent to the ground: 80%
VACUUM:
Standard Cubic Feet:
Longest Duration to Vent (hr): 18.0
Vent Pressure (torr): 1E-3*

THERMAL POWER:

Peak (kW): 0.160*

Average (kW): 0.100*

Run Length (hr): 24-168"

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Experiment will require three middeck lockers or equivalent volume.

Payload Mass (Ib): 200*
Payload Volume (cubic ft): 4.02*
CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0.04*
Volume (cubic ft): 396.48*; 14/28.32/200%; 0.004*
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Isothermal-General Purpose Rocket Furnace

DATA:
Minimum Experimental Data (bits/sec): 64*
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 5.3
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.600

Average (kW): 1.000

Run Length (hr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Must be reconfigured from EAC to standard rack.

Payload Mass (lb): 1,451
Payload Volume (cubic ft): 3
CREW:

Can the experiment be run without crew? (Y/N): Y

If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 13.5*
Volume (cubic ft): 0.20*
MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: Isothermal Heating Furnace

DATA:
Minimum Experimental Data (bits/sec): 32
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 6.2
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-5

THERMAL POWER:

Peak (kW): 1.000

Average (kW): 0.500

Run Length (bhr): ‘ 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:
None

Payload Mass (Ib): 550*

Payload Volume (cubic ft): 41*

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 14.0*
Volume (cubic ft): 0.22*
MICROGRAVITY: 4

*Estimated

Y




-

EXPERIMENT NAME: Lambdu Point

DATA:
Minimum Experimental Data (bits/sec): 5,000
Video Requirements Desired for advanced hardware
Resolution (lines): TBD X TBD
Frame Rate (fps): TBD
Percent to the ground: TBD
VACUUM:
Standard Cubic Feet: 12,345.0*
Longest Duration to Vent (hr): 2,160
Vent Pressure (torr): 1E-7

THERMAL POWER:

Peak (kW): 0.5

Average (kW): 0.45

Run Length (hr): 1,680

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment: |

Cryogenic dewars are not safety qualified.

Payload Mass (Ib): 880
Payload Volume (cubic ft): 41
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 28* LN2; 140* LHe
Volume (cubic ft): 3.53* LN2, 17.65* LHe
MICROGRAVITY: 1E-6 or better

*Estimated

Y



EXPERIMENT NAME: Large Isothermal Furnace (LIF)

DATA:
Minimum Experimental Data (bits/sec): 24*
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 8.3
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-5

THERMAL POWER:

Peak (kW): 0.975

Average (kW): 0.360

Run Length (hr): 11.93

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:
None

Payload Mass (Ib): 72.75

Payload Volume (cubic ft): 1.678

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 12.0"
Volume (cubic ft): 0.21*
MICROGRAVITY: 5

*Estimated



EXPERIMENT NAME: Liquid Drop Experiment Facility (LDF)

| ‘ DATA:

i Minimum Experimental Data (bits/sec): 3,000
Video Requirements

Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 1
Percent to the ground: 10
VACUUM:
Standard Cubic Feet: 0.039
Longest Duration to Vent (hr): 24
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.338
Average (kW): 0.312
Run Length (hr): 1
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

‘ Comment:

Payload Mass (Ib): 132
Payload Volume (cubic ft): 4
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Sample is manually injected. Could be modified.

CONSUMABLES (give for each item):
Mass (Ib): Oil 0.243; GN2 0.0012
Volume (cubic ft): Oil 0.3115; GN2 0.0167

‘ MICROGRAVITY: 1E-5




EXPERIMENT NAME: Low Temp Gradient Heating Furnace

DATA:
Minimum Experimental Data (bits/sec): 48
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 4.2
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 0.700

Average (kW): 0.360

Run Length (hr): 672*

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:
None

Payload Mass (Ib): 100

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 8.0*
Volume (cubic ft): 0.19*
MICROGRAVITY: 4

*Estimated




EXPERIMENT NAME: Magnetic Isolation System

DATA:
Minimum Experimental Data (bits/sec): 15"
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: None
Longest Duration to Vent (hr): None
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.140

Average (kW): 0.140

Run Length (hr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Fits in middeck locker.

Payload Mass (Ib): 80
Payload Volume (cubic ft): 2.01
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib):

Volume (cubic ft):

MICROGRAVITY: N/A



EXPERIMENT NAME: Margoni Convection

DATA:
Minimum Experimental Data (bits/sec): 32

Video Requirements

Resolution (lines): 240 X 520
Frame Rate (fps): 30
Percent to the ground: 100% video
VACUUM:
Standard Cubic Feet: None
Longest Duration to Vent (hr): None
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.5

Average (kW): 0.42

Run Length (hr):

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:
Fits in Spacelab

Payload Mass (lb): 35

Payload Volume (cubic ft): 3.1

CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Sample changeout on carousel.

CONSUMABLES (give for each item):
Mass (Ib): 1
Volume (cubic ft): 0.2

MICROGRAVITY: 1E-4

Y




EXPERIMENT NAME: Mechanics of Granular Materials (MGM)

DATA:
Minimum Experimental Data (bits/sec): 2,500

Video Requirements

Resolution (lines): 525 X 525
Frame Rate (fps): 1/60
Percent to the ground: 80%

VACUUM:

Standard Cubic Feet:
Longest Duration to Vent (hr):

Vent Pressure (torr): 1*

THERMAL POWER:

Peak (kW): 0.500*

Average (kW): 0.300"

Run Length (hr): 24-168*

Physical: '
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (Ib): 200"

Payload Volume (cubic ft): 4.02*

CREW:

Can the experiment be run without crew? (Y/N): Y
It not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0.02*
Volume (cubic ft): 0.00123*
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME:  Mephisto

DATA:
Minimum Experimental Data (bits/sec): 1,200
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: None
Longest Duration to Vent (hr): 24
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.400

Average (kW): 0.25

Run Length (hr): 165

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Designed for an EAC.

Payload Mass (Ib): 200
Payload Volume (cubic ft): 3.1
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:
Crew required for sample changeout.

CONSUMABLES (give for each item):
Mass (Ib): 0.01

Volume (cubic ft): 0.01

MICROGRAVITY: 1E-5




EXPERIMENT NAME: Mirror Furnace (MHF)

DATA:
Minimum Experimental Data (bits/sec): 48*
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 7.4
Longest Duration to Vent (hr): 72
Vent Pressure (torr): - 10-5

THERMAL POWER:

Peak (kW): 1.200

Average (kW): 0.400

Run Length (bhr): 336

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment: ' '
None

Payload Mass (Ib): 330*

Payload Volume (cubic ft): 18.8*

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 9.0*
Volume (cubic ft): 0.12*
MICROGRAVITY: 4

*Estimated



EXPERIMENT NAME: MEL

DATA:
Minimum Experimental Data (bits/sec): 16,000

Video Requirements

Resolution (lines): 280 X 520
Frame Rate (fps): 5
Percent to the ground: 5
VACUUM:
Standard Cubic Feet: 4
Longest Duration to Vent (hr): 24
Vent Pressure (torr): 1E-7

THERMAL POWER:

Peak (kW): 3.970

Average (kW): 1.625

Run Length (hr): 144

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 770

Payload Volume (cubic ft): 41

CREW:

Can the experiment be run without crew? (Y/N): Y
It not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 0.32

Volume (cubic ft): 0.002

MICROGRAVITY: 1E-4



EXPERIMENT NAME: Monodisperse Latex Reactor System

‘ DATA:

Minimum Experimental Data (bits/sec): 400
Video Requirements

Resolution (lines): 240 X 240
Frame Rate (fps):
Percent to the ground: 60%
VACUUM:
Standard Cubic Feet: 0.1765*
Longest Duration to Vent (hr): 4*
Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 0.7
Average (kW): 0.35
Run Length (hr): 20-80
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

' Comment:

Configuration for this experiment can range from a single rack to three middeck lockers or the
equivalent side by side with support electronics, the reactors are contained in an EAC.

Payload Mass (Ib): 198.4
Payload Volume (cubic ft): 6.03
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

Some automated method must be implemented that would allow for a sample of the material to be taken
and viewed under magnification and transmitted to the ground to determine if the run is successful.

CONSUMABLES (give for each item):

Mass (Ib): 0.04
Volume (cubic ft): 396.48
‘ MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME:  Moving Wall Electrophoresis Unit

DATA:
Minimum Experimental Data (bits/sec): 300

Video Requirements

Resolution (lines): 190 X 190
Frame Rate (fps): 30
Percent to the ground: 100% (0.5 hr/day)
VACUUM:
Standard Cubic Feet: 0.0036/sec (0.0002 Ib/sec)
Longest Duration to Vent (hr): Continuous
Vent Pressure (torr): 620

THERMAL POWER:

Peak (kW): 1.0

Average (kW): 0.88

Run Length (hr): 160

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Hardware is in concept phase and could be configured to fit in a standard SS rack.

Payload Mass (Ib): 556
Payload Volume (cubic ft): 27
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:
Initially conceived for Spacelab but pumps and valves could be automated.

CONSUMABLES (give for each item):
| Mass (Ib): 556
Volume (cubic ft): 27

MICROGRAVITY: 1E-4




EXPERIMENT NAME: MEPF

‘ DATA:

Minimum Experimental Data (bits/sec): 48-200"

Video Requirements None
Resolution (lines): X
Frame Rate (fps):

Percent to the ground:

VACUUM:
Standard Cubic Feet:
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-5

THERMAL POWER:

Peak (kW): 1.300
Average (kW): 1.000
Run Length (hr): 240
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

. Comment:

Must be reconfigured from EAC to standard rack.

Payload Mass (Ib): 250
Payload Volume (cubic ft): 41
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 12.0*
Volume (cubic ft): 0.2*
‘ MICROGRAVITY: 4

*Estimated

Y



EXPERIMENT NAME: Non-Linear Optical Monomers and Thin Films (NLOMTF)

DATA: ‘

Minimum Experimental Data (bits/sec): 0.59

Video Requirements None
Resolution (lines): X
Frame Rate (fps):

Percent to the ground:

VACUUM:
Standard Cubic Feet: 1.01
Longest Duration to Vent (hr): 5*
Vent Pressure (torr): 0.25

THERMAL POWER:

Peak (kW): 0.14

Average (kW): 0.14

Run Length (hr): 720

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment: '

Payload Mass (Ib): 209.44

Payload Volume (cubic ft): 9.711

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 10.5
Volume (cubic ft): 0.48
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Non-Linear Optical Organic Crystals (NLOOC)

DATA:
Minimum Experimental Data (bits/sec): 0.59
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: N/A
Longest Duration to Vent (hr): N/A
Vent Pressure (torr): N/A

THERMAL POWER:

Peak (kW): 0.128

Average (kW): 0.096

Run Length (hr): 720

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (Ib): 119.05

Payload Volume (cubic ft): 7.063

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (ib): 6.6*
Volume (cubic ft): 7.1*
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Normal Freezing Furnace

DATA:
Minimum Experimental Data (bits/sec): 144*
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet:
Longest Duration to Vent (hr): 72
Vent Pressure (torr): 10-3

THERMAL POWER:

Peak (kW): 1.000

Average (kW): 0.650

Run Length (hr): 504"

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:
None

Payload Mass (Ib): 150

Payload Volume (cubic ft): 4

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 13.39*
Volume (cubic ft): 0.22*
MICROGRAVITY: 5

*Estimated



EXPERIMENT NAME: Organic & Polymer Crystal Growth Experimentation (OPCGE)

DATA:
Minimum Experimental Data (bits/sec): 2,500
Video Requirements

Resolution (lines): N/A X N/A
Frame Rate (fps): N/A
Percent to the ground: 80%
VACUUM:
Standard Cubic Feet: 7.972*
Longest Duration to Vent (hr): 1.5*
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.250

Average (kW): 0.150

Run Length (hr): 168-1200

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

This experiment consists of three unique experiments, diffusive mixing, physical vapor, and a

melt/growth (solidification) process. The DMOS and PVTOS experiments are housed in EACs that
are rack mountable.

Payload Mass (Ib): 1,089.00
Payload Volume (cubic ft): 17.08

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0.328
Volume (cubic ft): 2.12
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Organic Separations (ORSEP)

DATA:
Minimum Experimental Data (bits/sec): 0.011
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: . N/A
Longest Duration to Vent (hr): N/A
Vent Pressure (torr): N/A

THERMAL POWER:

Peak (kW): 0.02

Average (kW): 0.02

Run Length (hr): 960

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Payload Mass (lb): 132.3

Payload Volume (cubic ft): 7.946

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 6.6*
Volume (cubic ft): 7.1*
MICROGRAVITY: 1E-4

*Estimated



EXPERIMENT NAME: Particle Cloud Combustion Exp. (PCCE)

' DATA:

Minimum Experimental Data (bits/sec): 1,000
Video Requirements

Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 400
Percent to the ground: 10
VACUUM:
Standard Cubic Feet: 0.2
Longest Duration to Vent (hr): 1/60
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 150
Average (kW): 75
Run Length (hr): 1
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

Payload Mass (Ib): 149.6
Payload Volume (cubic ft): 8
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
The current facility must be cleaned after ~ 5 runs. Each run is = 15 to 20 min in duration.

CONSUMABLES (give for each item):
Mass (Ib): Fuel 0.17; 02 0.33; GN2 2015
Volume (cubic ft): Fuel 0.0028; 02 0.02, GN2 0.09

‘ MICROGRAVITY: 1E-5



EXPERIMENT NAME: Phase Partitioning Experiment

DATA:
Minimum Experimental Data (bits/sec): None
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): None (will require small amount of power if automated)
Average (kW):
Run Length (hr): 2
Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Fits in an STS middeck locker.

Payload Mass (Ib): 11.5 (includes still camera)
Payload Volume (cubic ft): 2.0 (volume accommodates camera)
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:
Mount chambers in a vibration-generating device, use automatic camera system for photography.

CONSUMABLES (give for each item):
Mass (Ib): 4.0

Volume (cubic ft): 2.00

MICROGRAVITY: 1E-4




EXPERIMENT NAME: Physical Vapor Transport of Organic Solutions (PVTOS)

DATA:
Minimum Experimental Data (bits/sec): 2500
Video Requirements

Resolution (lines): N/A X N/A
Frame Rate (fps): N/A
Percent to the ground: 80%
VACUUM:
Standard Cubic Feet: 0.5295*
Longest Duration to Vent (hr): 1.0*
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.190

Average (kW): 0.125

Run Length (hr): 16-96

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

PVTOS is accommodated by an experiment apparatus container (EAC). The experiment can exist
in a configuration of one EAC or multiple EACs according to the space available. The EACs will fit in
a middeck locker and the support equipment aiso.

Payload Mass (lb): 418.00
Payload Volume (cubic ft): 6.53
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0.16402
Volume (cubic ft): 1.06
MICROGRAVITY: 1E-6



EXPERIMENT NAME: PCG I

DATA:
Minimum Experimental Data (bits/sec): None
Video Requirements Nikkon Camera
Resolution (lines): TBD X TBD
Frame Rate (fps): TBD
Percent to the ground: 0/Stored
VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): None
| Average (kW):
| Run Length (hr): 24
Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:
Payload Mass (Ib): 20
Payload Volume (cubic ft): 0.14
CREW:

Can the experiment be run without crew? (Y/N): N
* If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): None

Volume (cubic ft):

MICROGRAVITY: 1E-4

- z_.‘



EXPERIMENT NAME: PCG I &Il

. DATA:

Minimum Experimentai Data (bits/sec): None

Video Requirements Nikkon Camera
Resolution (lines): TBD X TBD
Frame Rate (fps): TBD
Percent to the ground: 0/Stored

VACUUM:
Standard Cubic Feet: None

Longest Duration to Vent (hr):

Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): None 0.80
Average (kW): 0.60
Run Length (hr): 336
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

‘ Comment:

Payload Mass (lb): 40
Payload Volume (cubic ft): 0.84
CREW:

Can the experiment be run without crew? (Y/N):

If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (ib): None

Volume (cubic ft): None

' MICROGRAVITY: 1E-5

N

Y



EXPERIMENT NAME: PCG IV

DATA:
Minimum Experimental Data (bits/sec): 0

Video Requirements

Resolution (lines): 325 X 325
Frame Rate (fps): 5
Percent to the ground: 10%
VACUUM:
Standard Cubic Feet: 14.28
Longest Duration to Vent (hr): 48
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 0.230

Average (kW): 0.220

Run Length (hr): 672

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (Ib): 550

Payload Volume (cubic ft): 41.3

CREW:
Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (Ib): 1.1 GN2

Volume (cubic ft): 0.071

MICROGRAVITY: 1E-6

Y




EXPERIMENT NAME:  SAAL

‘ DATA:

Minimum Experimental Data (bits/sec): 2,000
Video Requirements

Resolution (lines): 240 X 520
Frame Rate (fps): 1
Percent to the ground: 0/Stored
VACUUM:
Standard Cubic Feet: 0.042
Longest Duration to Vent (hr): 10
Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 3.1
Average (kW): 2.6
Run Length (hr): 72
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

. Comment:

Designed for EAC on MSL and is not flight qualified for manned environment.

Payload Mass (Ib): 1,351
Payload Volume (cubic ft): 4
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (ib): 0.00016

Volume (cubic ft): 0.002

. MICROGRAVITY: 1E-6



EXPERIMENT NAME: Solid Surface Combustion Exp (SSCE)

DATA:
Minimum Experimental Data (bits/sec): 100

Video Requirements
Resolution (lines): 1,000 X 1,000
Frame Rate (fps): 400
Percent to the ground: 10

VACUUM:
Standard Cubic Feet: 2

Longest Duration to Vent (hr): 24

Vent Pressure (torr): 1

THERMAL POWER:

Peak (kW): 156

Average (kW): 72

Run Length (hr): 1 -

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

|
Payload Mass (Ib): 129.8
Payload Volume (cubic ft): 8
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:

The current PCCE does not have sample changeout capabilities. Currently exps are run by changing
whole burn chambers out. One run lasts only 5 to 15 seconds. Only one run without cleaning.

CONSUMABLES (give for each item):
Mass (Ib): Fuel 0.17; O2 1.033; N2 0.1150

Volume (cubic ft): Fuel 0.0028; O2 0.002; N2; 0.009

MICROGRAVITY: 1E-4




EXPERIMENT NAME: Space Ultra Vacuum Research Facility

DATA:
Minimum Experimental Data (bits/sec): 1,000

Video Requirements

Resolution (lines): N/A X N/A
Frame Rate (fps): N/A
Percent to the ground: 80%
VACUUM:
Standard Cubic Feet: 0.1766*
Longest Duration to Vent (hr): 1.5*
Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 7.0*

Average (kW): 3.5*

Run Length (hr): 24-168

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

The SUVRF will support a free flyer thai can be retrieved and serviced and re-released.

Payload Mass (Ib): 330.00
Payload Volume (cubic ft): 41.53
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (ib): 1.485"%; Air 0.00256 kg /PR; GN2 0.6250 kg/R
Volume (cubic ft): 0.1766*; Air 2.0 L/PR; GN2 500 liters
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: ° Static Column Electrophoresis

DATA:
Minimum Experimental Data (bits/sec): None
Video Requirements None
Resolution (lines): X

Frame Rate (fps):
Percent to the ground:

VACUUM:
Standard Cubic Feet: 0.00004/sec (0.000002 Ib/sec)
Longest Duration to Vent (hr): Continuous
Vent Pressure (torr): 620

THERMAL POWER:

Peak (kW): 0.032

Average (kW): 0.030

Run Length (hr): 2

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Fits in an STS middeck locker.

Payload Mass (Ib): 7.5
Payload Volume (cubic ft): 0.25
CREW:

Can the experiment be run without crew? (Y/N): N
If not, then how could it be modified to run?:
Automate 35-mm camera operation.

CONSUMABLES (give for each item):
Mass (Ib): 7.5
Volume (cubic ft): 0.25

MICROGRAVITY: 1E-4




EXPERIMENT NAME: Surface Tension Driven Convection Exp (STDCE)

‘ | DATA:

Minimum Experimental Data (bits/sec): 100
Video Requirements

Resolution (lines): 200 X 200
Frame Rate (fps): 1
Percent to the ground: 5
VACUUM:
Standard Cubic Feet: None
Longest Duration to Vent (hr): None
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 180
Average (kW): 50
Run Length (hr): 48
Physical:

Can the facility pass through the Space Station hatch? (Y/N): Y

‘ Comment:

Payload Mass (Ib): 110
Payload Volume (cubic ft): 4
CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):
Mass (lb): None

Volume (cubic ft):

. MICROGRAVITY: 1E-6



EXPERIMENT NAME: 3AAL

DATA:
Minimum Experimental Data (bits/sec): 0

Video Requirements

Resolution (lines): 500* X 500°
Frame Rate (fps): 30*
Percent to the ground: 1%*
VACUUM:
Standard Cubic Feet: 0.05
Longest Duration to Vent (hr): 5
Vent Pressure (torr): 10

THERMAL POWER:

Peak (kW): 0.300

Average (kW): 0.280

Run Length (hr): 24

Physical:
Can the facility pass through the Space Station hatch? (Y/N): Y
Comment:

Designed for EAC or MSL and is not flight qualified for manned environment.

Payload Mass (Ib): 155.8
Payload Volume (cubic ft): 2.85
CREW:

Can the experiment be run without crew? (Y/N): Y
It not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): GN2
Volume (cubic ft): 0.05
MICROGRAVITY: 1E-6

*Estimated




EXPERIMENT NAME: Vapor Crystal Growth

DATA:
Minimum Experimental Data (bits/sec): 20,000

Video Requirements

Resolution (lines): 300*
Frame Rate (fps): 1*
Percent to the ground: 1*
VACUUM:
Standard Cubic Feet: 0
Longest Duration to Veht (hr): 0
Vent Pressure (torr): None

THERMAL POWER:

Peak (kW): 0.550
Average (kW): 0.518
Run Length (hr): 336
Physical:

Can the facility pass through the Space Station hatch? (Y/N):

Comment:

X 500*

Designed for Spacelab rack. Needs FES to provide power and control.

Payload Mass (Ib): 163.26
Payload Volume (cubic ft): 18.8
CREW:

Can the experiment be run without crew? (Y/N):
If not, then how could it be modified to run?:
With minor adjustments, requires sample changeout.

CONSUMABLES (give for each item):

Mass (Ib): 0
Volume (cubic ft): 0
MICROGRAVITY: 1E-6

*Estimated



EXPERIMENT NAME: Zeolite

DATA:
Minimum Experimental Data (bits/sec): 2,000

Video Requirements

Resolution (lines): 525* X 525*
Frame Rate (fps): 10*
Percent to the ground: 1%
VACUUM:
Standard Cubic Feet: 0
Longest Duration to Vent (hr): 0
‘ Vent Pressure (torr): 1E-3

THERMAL POWER:

Peak (kW): 1.7*

Average (kW): 0.6*

Run Length (hr): 1,008

Physical:
Can the facility pass through the Space Station hatch? (Y/N):
Comment:

Payload Mass (lb): 400

Payload Volume (cubic ft): 18

CREW:

Can the experiment be run without crew? (Y/N): Y
If not, then how could it be modified to run?:

CONSUMABLES (give for each item):

Mass (Ib): 0
Volume (cubic ft): 0
MICROGRAVITY: 1E-6

*Estimated

Y




. MMPF/RACO Preliminary Data Release
Issue: 03/03/88

3. SYSTEM REQUIREMENTS

This Section contains two major items. First, commercial free flyer data downlink
transmission requirements are discussed. As a result of examining these downlink
requirements, it has been determined that video compression techniques would greatly
reduce the downlink burden. Therefore, candidate video compression technologies are
presented. The second section item is the preliminary mission scenario analyses, which
were conducted to help establish commercial free flyer requirements. Groundrules,
experim